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PREFACE. 


Ay 9. timo when the Metropolis of India is ex- 
duuD^ing, in the couise of a few hours, telegraphic 


;e8 with the Metropolis of England — when the 


of China will also be shortly brought within 


the woetne circuit — when the West and the East 


- ^ with each other m friendly intei course — 

English, French, and Indian steamers are 
^s and merchandise every week backwards 




I — m fait, when the civilised West has 
iltto such close piojamity to the East — 
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lUlEFACE. 


it is of tlic liighest importance that the improved 
machinery of modem times should be substituted in 
place of the rude apparatus with which the arts and 
manufactures are still carried on in India and the 
East. As one means of furthering so desirabh‘- an 
object-, this volume is published; but not with the 
idea that a country is necessarily riclier by manufac 
turiiig its own raw produce. Let this be done by 
any nation, it matters not in what part of tlie world, 
as long as it can be done, and done well, and brought 
to tlic maikct at the cheapest price. 

Plans of factories are given for some of the most 
important industrial works now carried on in the East 
wilh rude appliances, but which, if worked on the 
factory system with improved machinery, there is 
every reason to believe, will prove commercially suc- 
cessful. 

The fact that capitalists in India and the East 
have not that enterprise and spirit which distinguish 
tlic European race, has been kept in mind in fixing 
the size of works. In the East, persons with large 
fortunes, and generally not educated, have naturally 
no inducements to trouble their minis with manufac- 
turing enterprise ; they therefore require to be intro- 
duced to. the subject by degrees. Estimates are given 
and brought to such a point that persons possessing 
moderate capital will be able to carry out a great 
many of the industrial projects described. This will 
be preferable to the formation of joint-stock companies 
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for that piirj^ose. But joint-stock companies, if well 
managed, will be able to erect works on a scale ol‘ 
magnitude which would vie witli those of Europe, 
where single individual films invest sucli large amoiinis 
of capital as could hardly be conceived by peisons) 
possessing the same wealth in the East. 

Attention has been given, in the plans of mills and 
factories, to adapt them to tlie wants of the country. 
The estimates have been framed in several cases from 
actual invoices ; and the practical information has bijcn 
gathered in the manufacturing districts of England 
from the best sources. The introductory and manu- 
facturing chapters to each subject have been coinjiiled 
from very reliable authorities, and the wliolo put into 
such shape, and so illustrated, as to j)rove a useful 
industrial guide-book, not only in India and the East, 
but also in other countries. Even to the general 
reader, not connected with factories or mills, but 
taking an interest in the advancement of civilisation 
and the elevation of mankind, the introductory 
chapters, in which the rise, progress, and present 
state of each manufacture are given, will, it is hoped, 
be of some interest. The statistics from the papers 
presented to Parliament, and other authentic sources, 
will be of use as showing the direction in which 
industrial progress can be developed, and to what 
extent it is capable of expansion. 

Though this work is published in the interest of 
India and the East, it will not be the less in the 
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interest of Engluiid and tlic English machinists, as 
what will benefit the one country must benefit Iht* 
other also. 

To name those firms and individuals who have given 
valuable information would be to fill up one or two 
pages with mere names. To name one and not the 
others would be invidious. To one and all, therclore, 
the Editor tenders his warmest and most sincere 
thanks. iMay the Almighty promote the interests of 
all countries, in the cause of Peace and Prospt^rit}^ ! 

P. 11. (' 

Lon DO V, Jidy^ 1807 
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INDUSTRIAL DEVELOPMENT IN INDIA 
AND THE EAST. 



A SHORT stay in the manufacturing districts of England 
— ^in the midst of huge spinning and weaving mills, 
bleach- works, print-works, engine factories, workshops, 
and forges, the incessant noise of spindles and machi- 
nery^ and the endless traffic — brings vividly to the 
mind of even a very dull person the advantages which 
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the use of machinery confers on mankind. These 
advantages arise from the vast addition whicli machi- 
nery makes to human power, the economy which it 
effects in time, the precision with which all its opera- 
tions arc conducted, and the exact similarity in the 
arliclcs that arc made. It is by the aid of machinery 
only that the productive work of a single individual 
can be multiplied a thousand- fold, and made far to 
surpass in cheapness any hand-made work, notwith- 
standing that, in the first instance, a great outlay is 
required in machinery and other stock. 

In India and otlier parts of Asia, as labour is getting 
scarcer eveiy year, the introduction of improved machi- 
nery in place of the rude implements still in use would 
be benehcial, seeing that economy must arise from the 
substitution of machines. 

It cannot be denied that the elements of manufac- 
turing success exist in India and other parts of Asia ; 
nor that the natives will acquire more wealth by manu- 
facturing the raw material with im])roved machinery 
for their own wants and for export, than by sending 
such materials thousands of miles, entailing a lieavy 
expense in the cost of transit — to be returned in the 
manufactured state to the very places whence the raw 
materials were sent in the first instance, and charged 
with all the immense attendant outlay, which amounts 
to from twenty-five to thirty per cent. 

No doubt the first cost of machinery in India and 
China will be higher than in Great Britain, arising 
from the freight and other charges which would have 
to be incurred ; and much more will have to be paid for 
fuel ; but, on the other hand, the saving in the price 
of raw material will more than equal all the transit. 
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insurance, and mercliants' charges. To take an illus- 
tration. Despite the drawback in Bombay of having 
to pay for coals much more than is paid in Great 
Britain — with the disadvantage of untrained hands in 
the mills, producing a less quantity of yarn and cloth 
than in England per a given number of spindles and 
looms, and bad management in nine mills out of ten — 
the cost of spinning No. 20’s twist (the principal number 
in demand in the Bombay Presidency) does not come 
to more than the cost of spinning the same number in 
a Lancashire mill in England. The high price of fuel, 
moreover, is in course of being lessened by the working 
of coal inijies. The East India Bail way Corrqjany 
obtains its supplies from the mines of Burdwan llanee- 
gunge at a cost of no more than ten shillings per ton 
at the mouth of the pit. 

That improved machinery can be successfully em- 
ployed in India and China for particular manufactures, 
and more cheaply than hand labour, cannot be doubted. 
Its success has been proved in the case of cotton mills 
in Bombay, and jute mills near Calcutta — the latter of 
which are almost all owned by Europeans. 

It has been asserted that India is only an agricultural 
country ; but it is an agricultural and a manufacturing 
country as well. No better proof of this could be given 
than the seven hundred working samples of Indian 
textile fabrics, collected in eighteen volumes, and pre- 
sented by the Secretary of State for India to the Man- 
chester Chamber of Commerce and other institutions. 
The commissioner sent by the Manchester Cotton Supply 
Association to India, during the American war, stated 
in his official report that 1,250,000,000 pounds of 
cotton arc consumed in India, and that 33,000,000 
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native spindles must be kept at work by the people of 
India. 

The birth-place of cotton manufactures was India. 
India supplied Great Britain with yarn and cotton 
goods long before she furnished a pound of the raw 
material. J aconets, mulmuls, dorcas, were all originally 
manufactured in India. India not only carried on 
internal manufacture, but also an export trade. The 
Europeans carried the knowledge of this manufacture 
originally from India to Europe. The general name of 
Calico has been applied to the plain white cloth, from 
the circumstance of this article having been first ex- 
ported from Calicut, situated on the Malabar Coast, in 
India. In the seventeenth century, the Dutch and 
English East India Companies sent to Europe Indian 
manufactured goods in large quantities — ^the finest 
muslins and table-cloths from Bengal; best chintzes, 
ginghams, and long cloths from Madras, and strong 
and inferior goods from Surat and Calicut. For many 
hundred years Persia, Arabia, and all the eastern 
parts of Africa were supplied with a considerable por- 
tion of their cloths, cottons, and muslins, from the 
marts of India. 

In 1 02 1 , Mr. Main, one of the Directors of the East 
India Company, estimated the annual importation of 
Indian calicoes in Great Britain at 50,000 pieces, the 
average cost of which on board in India was seven 
shillings. The Indian muslins, chintzes, and calicoes 
became very fashionable in Britain for ladies’ and 
children’s dresses. To such an extent did this proceed, 
that as early as 1678 a loud outcry was made in 
England against the admission of Indian goods, which, 
it was maintained, were ruining the English woollen 
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manufacture — at that time the most extensive branch of 
manufacture in Great Britain. An Act was passed in the 
year 1700 (Act 11 and 12, William III., chap. 10) 
which forbade the introduction of Indian goods for 
domestic use in Groat Britain under a penalty of £5 on 
the wearer and £20 on the seller. The other govern- 
ments of Europe also thought it necessary to prohibit 
the introduction of Indian manufactured goods, or to 
load them with very heavy duties. In Britain the 
Act did not prevent the continued use of the goods, 
so a duty was levied on Indian manufactured textiles, 
— ten per cent, on cotton, and twenty per cent, on silk 
goods. That useful fabric known as nankeen was also 
imported into Great Britain from China directly and 
indirectly to a large extent. 

There can be no doubt that Indian calicoes, muslins, 
chintzes, and China nankeen had become common in 
England at the close of the seventeenth century. De Foe, 
in a number of the Weekly RecieWy J anuary, 1708, sharing 
the general notion of that time, bitterly lamented the 
large importations of Indian goods into Great Britain, 
and stated that “ the general fansie of the people runs 
upon East India goods. ... It has crept into our 
houses, bed-chambers, curtains, cushions, chairs ; and 
at last beds themselves were nothing but calicoes' or 
Indian stufis ; and, in short, almost everything relating 
to the dress of the women or the furniture of our 
houses was supplied by the Indian trade. About half 
of the woollen manufacture was entirely lost, half of 
the people ruined, and all this by the intercourse of the 
East India trade.” (!) 

But a revolution has since taken place. The tide 
of commerce now runs more rapidly against the 
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Indians than it ever ran against the English. And 
why P Not because the British have made more 
progress in the delicacy of manipulation, — oven with 
the aid of machinery the beautiful Dacca muslins 
have scarcely been surpassed by them as yet, — but 
simply in the immense quantify of goods they can 
manufacture hy the substitution of improved machinery. 

The art of printing calicoes by hand blocks was 
practised in India from the earliest ages : but now the 
calico printing machinery of Great Britain and other 
European nations is fast superseding the printing of 
Italian chintzes by hand labour — though in the year 
1680 the East India House was mobbed in revenge for 
some large importations made by the East India 
Company, of chintzes manufactured in India, 

The process of dyeing Turkey red was also first 
discovered and practised in India ; it was then intro- 
duced into Europe and greatly improved, and now a 
considerable portion of the Turkey-dyed British goods 
finds its way back again to the East, though the beauti- 
ful dyes of India still maintain their high character in 
Europe. The most important dye-stufis so extensively 
used in Great Britain, such as madder, indigo, lac dye, 
&c., are still produced in the East, and exported in 
large quantities to Europe. 

There is no doubt that, had it not been for the in- 
vention and improvement of machinery in Europe, 
India would still have maintained her supremacy. But 
while every country in Europe was making some ad- 
dition to its knowledge in useful arts and sciences, 
Asia slumbered in a death-like torpor, spell-bound and 
entranced by the accursed superstition which preyed 
on her strength. 
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But now the time is come when Asia must rise from 
her inactivity, cast off her superstitions, march with the 
progress and civilisation of the times, and amongst 
other things (instead of spinning and weaving, dyeing 
and calico printing, and manufacturing, with rnde 
apparata, just as her forefathers did a thousand years 
ago) substitute the improved machinery of modern 
times. India must improve the resources which nature 
has provided ; slic must develop industrial appliances, 
and give facility to the accumulation of wealth by well- 
directed capital and labour, and by applying improved 
machinery and the useful arts for the production of 
various commodities. There is no doubt that the 
marvellous prosperity of Great Britain has, to a great 
extent, resulted from her manufactures, chiefly cotton, 
and that her wealth has been accumulated chiefly 
by manufacturing enterprise. The condition of any 
country must be precarious as long as its people are 
chiefly dependent on the produce of the land. It is the 
prevalence of manufacturing industry that has placed 
European countries in a position of prosperity. 

A stationary position has ruined Indian manufac- 
tures, But in the nineteenth century, under the 
British Baj, with a weekly communication to and from 
the most civilised nations on earth, a stationary position 
is out of the question. The accumulated result of many 
centuries' invention now lies at the door of Asia. Pro- 
gress in manufacturing and agricultural industry must 
henceforth be her motto. It will enrich the people, 
impart knowledge, remove prejudice and superstition 
from the land, and enable Asia to share with other 
nations advantages she does not enjoy at present. 

The prosperity of Asia will not depend solely on the 
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extent of her population nor the richness of her un- 
developed natural resources, nor even on her accumu- 
lated wealth, but mainly on that portion of her wealth 
which is being directed to useful purposes. It is only 
that portion of her capital which may be thus employed 
in Asia that will affect her industrial progress. The 
industrial condition of Asia will never be improved by 
locking up her wealth in unproductive, useless works, 
or by lioardiiig up the precious metals — a practice 
which still prevails to a very great extent. It will be 
mainly by employing her wealth in aiding labour in 
the development of lier resources, and in the intro- 
duction of improved machinery, that her j)rospei*ily can 
be stimulated. In a country where the ingredients of 
manufacturing success do exist, why should its power 
be wasted, instead of employing that power for its own 
benefit and the benefit of its teeming inillioTis ? 




COTTON GINNING. 



INTRODUCr ION . 

Among all the various materials which the skill of man 
converts into comfortable and elegant clothing, the 
most extensively useful is the beautiful produce of the 
cotton plant. It possesses downy softness and warmth, 
and its delicate fibres are flexible* and tenacious. Dr. 
Forbes Watson, reporter on the products of India, has 
stated that there is no country in the world of equal 
extent so favoured as Hindustan for the production of 
cotton, as regards climate and soil. More than seventy 
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samples of soil, carefully selected in India, were ana- 
lysed in England, and conclusively showed the richness 
of the Indian soil in all the important ( (mstituents 
required for the growth of cotton and other fibrous 
plants. 

In almost every pjirt of India cotton is grown for 
local consumption and for export ; but certain districts 
arc wholly occupied with its cultivation, chiefly for 
export to Great Britain and China. The Bombay 
Presidency, Surat, Broach, and other sea-indented 
lands of Guzerat, with their numerous outlets, have 
been the chief sources of supply. In llie interior, 
Bcrar, which is celebrated for its superior cotton, has 
been able to supply places from 400 to 1,000 miles 
distant, finding it sufficiently remunerative. In the 
south, another important and extensive cotton district 
is in the Southern Mahratta country. To the east of 
Berar is the extensive province of Nagpore, where 
Oomravathy and Khangaum are the chief cotton marts. 
In the JMadras Presidency, including Bellary, Tinne- 
velly, and other collcctorates, thousands of acres arc 
planted with cotton. 

The culture of American cotton has taken firm root 
in India, chiefly in Dharwar; and from that district 
cotton is now obtained of a quality nearly equal to 
middling American, and which on the w’hole yields 
satisfactory profit to the cultivators. For this boon, 
a debt of gratitude is due to Mr. Shaw, the collector, 
and Dr. Forbes, who caused the average yield of 
cotton and its market worth per pound to be nearly 
doubled. 

The Dharwar cotton, from the acclimatised American 
seed, now stands at the head of the Indian price list, 
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and, according to the report of the Commissioner sent 
out by the Manchester Cotton Supply Association, is, 
when properly cleaned, a fair rival to New Orleans 
cotton. 

Dr. Forbes has recently published a report to show 
what other provinces besides Dharwar are best adapted 
for the cultivation of the acclimatised American seed ; 
and it appears that the acclimatised plant will thrive 
in manj^^ districts : in the Nizamis territory, a hundred 
miles from Dharwar — in Bcllary in the Madras Presi- 
dency — and also in the North-West Provinces. In 
Khandeish, where cotton was grown of very inferior 
quality, the defect, according to official statements, has 
been remedied by the extirpation of the old cotlon, and 
the complete introduction of the Berar variet y ; and 
there is every prospect of a grand future for the pro- 
vince, with its large area suitable for the crop. 

In the official reports, 1866-7, of the cotton crops of 
the Southern division of the Bombay Presidency, it 
was shown that while the total cost to the cultivator 
per acre, in the case of exotic cotton, was 155., and for 
the native plant, 135 . 6rf., the profit by the sale of the 
produce in the former case was 26s., and in the latter, 
125 . 6rf., showing an advantage in favour of acclima- 
tised New Orleans of 125 . 6d. per acre. The extra 
out-turn not only represents a very much larger profit, 
but, what is of still more importance in a country where 
almost every acre of arable land is taken up, it is an 
immense saving of cultivatable area. 

The Manchester Cotton Supply Association has 
rendered good service to India and other cotton-grow- 
ing .countries by furnishing the best description of 
seeds and improved machinery ; and has issued several 
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pamphlets describing the host modes of culture, for the 
use of persons engaged in cotton cultivation. The 
Association looks to India as the country from which 
the largest supply, next to America, is to be obtained. 

There is ample room for the efforts of private enter- 
prise and public companies in various parts of Asia, for 
the introduction not only of improved seeds, but also of 
improved agricultural and ginning machinery ; seeing 
that the cultivators or ryots arc a poor and ignorant 
race, having no money to lay out on the improvement 
of their land, or in improved machinery for cleaning 
cotton. 


COTTON GINNING FACTORY. 



PllACTICAL PROCESSKS. 


When cotton is plucked from the plant, its fibres are 
largely mixed with the seeds, and with other woody 
fibrous matters which adhere very closely. These im- 
purities must be removed before any attempt is made 
to manufacture it. Considerable difference is found to 
exist between the different varieties of cotton in the 
force with which it adheres to the seed. In the black- 
seeded varieties it separates easily, while in the green- 
seeded cotton it adheres firmly. 
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The first process, therefore, is the separation of the 
seed from the staple to which it is firmly attached, con- 
verting seed cotton into clean cotton by means of gina. 
The oldest of these machines arc the Indian ckurkas. 
They are still used in India, and have probably re- 
mained without material improvement or modification 
for two thousand years. In the Indian chiirka two 
small wooden rollers are placed one over the other in a 
frame, and they work together with teeth cut out of 
the ends. The machine, though it hardly deserves that 
name, is turned by one person and fed with cotton by 
another. The kapas, or seed-cotton, in its dirty state, 
is put in at one side and the fibres drawn through 
between the rollers ; the seeds being too large to pass 
are thereby tom ofi*, and fall down to the opposite side, 
being thus separated from the clean fibre. More 
than 75 per cent, of the cotton produced in India 
is ginned by the common churka, and the yield of 



clean fibre is half a pound per hour for each person. 
The churka used in the Southern Mahratta country 
is the foot-roller, worked by a woman, which turns 
out from 8 to 12 lbs. of clean cotton daily. The 
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common Guzerat churka turns out 12 to 14 lbs. of 
clean cotton and 28 lbs. seeds in a day, and requires 
two persons to work it. Some years ago Dr. Forbes 
tried to improve the Indian churka for cleaning kapas 
or seed-cotton, by introducing improvements of a simple 
character, to enable one person instead of two to work 
it. 

From the records of the Bombay Chamber of Commerce 
it appears, according to the minute of Mr. John Flem- 
ming (who has been honoured with the order of the 
** Star of India, '' and who has done more than any other 
native or European merchant in introducing useful in- 
dustrial enterprise into Western India), that Dr. Forbes' 
improved cottage churka turns out a larger quantity 
of clean cotton in a given time than the rude Indian 
apparatus, without injuring the staple. 

There is a general complaint that the cotton crop is 
not properly weeded, and that when ripe it is not 
carefully picked or properly cleaned ; this arises from 
the scarcity of hands, which is very great in the picking 
season. One mode, as Dr. Forbes remarks, of remedy- 
ing these defects will be the introduction of machinery 
for cleaning cotton. Machinery will not only ensure 
that the cotton shall be better cleaned and packed, but 
will also set free many of the hands now employed on 
the clumsy and inefficient native churkas. 

In America, Mr. Whitney invented his well-known 
saw-gin, which enabled cotton-growers to keep pace in 
cleaning it with the demand of the times. An immense 
stimulus was thus given to the cotton-producing power 
of America. The production in the United States alone 
rose within ten years from the date of invention two 
hundred fold; and in 1860 the cotton crop in that 
country amounted to 3,800,000 bales. The cotton gins 
now in geneial use in the States are, in principle, the 
same as the original Whitney gin, though a good 
many improvements have been introduced from time to 
time. The gin contains circular saws mounted on a 
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cylinder turned by a fly-wheel. Another cylinder 
mounted with brushes, and working in an opposite 
direction, cleans tlic cotton from the teeth of the saws. 
It is stated that one man with a two-horse power 
engine can clean, with a Whitney’s eighty-saw gin, 
about 80 pounds per hour. But the American saw-gin 
is not adapted for ginning the short-staple variety of 
Indian cotton, because the fibre is too weak to stand 
the action of the saws. In the case of the Now Orleans 
cotton of the llharwar and other districts, a modifica- 
tion of the saw-gin, adopted in the Dharwar Govern- 
ment gin factory, has answered to some extent. These 
saw- gins arc worked by manual labour ; eight persons 
being employed to a gin of eighteen saws, and six to 
one of ten saws. 

It is strange that at a time when the establishment 
of railways in India is rapidly extending, and when 
steam has been applied in England even for such pur- 
poses as driving mock wooden horses round and round 
at a rapid sicced for the mere amusement of children (as 
may be seen at Knott Mill and other fairs in England), 
and even in brushing hair at hair-cutters’ shoj)s, some of 
the Indian Government officials have seriously proiiosed 
to economise labour and time by devising a simple gin to 
be entrusted to common villagers. This is surely a 
mistake. Economy of labour and celerity of perform- 
ance will only be insured by the use of cotton-gins 
provided with the latest improvements, and driven by 
steam, as lately introduced in Guzerat. 

Since the establishment of the fifst steam cotton- 
ginning factory, the increased cultivation of cotton in 
other parts of the world has so increased tlie demand 
for cotton-gins, that English machinists have paid 
within the last few years special attention to their im- 
provement and construction, so that every description 
of cotton may be ginned by them. The gin introduced 
into Guzerat is that known as the hnproced Macarthy 
Gin, made forty inches wide. The seed cotton is fed 




vibrating blades, which come into action alternately. 
The seeds are separated in this improved gin without 
being crushed, and the fibre of cotton is not in the 
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least injured. Instead of the leather on the roller in 
this machine, which I'cquircs to be renewed at short 
intervals of time, and which is expensive, jute-cloth, 
which is very cheap, has been substituted, to etfect 
economy in working the gin. 

It is a gratifying fact that wiiiiin the last three years 
about. 2,000 Macartby gins, wm*ked by steamy have been 
introduced into Guzerat, chiefly through the enterprise 
of a few Europeans ; while in Dharwar, producing a 
far better quality of cotton, and therefore with the sure 
prospect, of obtaining an increased production in ginning, 
neither Macarthy nor any other gins driven by steam 
liave been introduced. It is a prevalent belief that 
tliose interested in the Government Dharwar gin 
factory, which supplies saw-gins fitted with saws im- 
ported from England, would use thoii* powerful interest 
ill the district to prevent native cotton merchants from 
sending their cotton to be ginned in the steam ginning 
factories that may be establislicd. It is now higlily 
expedient that the Dharwar Government gin factory 
should be abolished, leaving the field open for private 
enterprise. From what has been done in Guzerat, 
there need not be the slightest apprehension that the 
field will long remain unoccupied. 
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LENGTH OF STAPLE OF COTTON GROWN IN INDIA. 

RESULTS OF DR. WATSON^S INVESTIGATIONS. 


Length of Staple. Length of Staple. 

Inches and Inches and 

Place of Growth. Decimals. No. Place of Growth. Decimals. 


Dliarwar 1*30 

1-00 

*90 

Bunkapoor *90 

Dliarwar .a 1*30 

n * ’90 

„ -80 

Coimbatore 1*10 

-80 

Bclgaum *90 

„ *80 

Travancore 1*10 

Mysore *90 

Bolarum *80 

Sheopoor *90 

Tenasserim 1*10 

Bolarum (Deccan) *90 
Bengal, nr.Calcutta 1*00 

Mysore 1*40 

Dharwar 1*50 

1-60 

„ 1*60 

« 1*50 

1-30 

„ 1*40 

„ (Hooblee) 1*40 

M 1-40 

1*40 

„ 1-20 

*90 


Length of Staple 
Inches aud 
Decimals. 



Mm. Max. Mean 


United States New Orleans, or Uplands 

Sea Istend Long Stapled 

South America Brazilian 

Egypt Egj’ptian 
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ESTIMATE FOR A COTTON GINNING FACTORY. 


26 Improved double-action Macarthy gins, 40 inches wide, with 
self-feeding apparatus, and other recent improvements, com- 
plete 500 

(Without improvements will cost much less.) 

1 Horizontal steam-engine, high pressure, cylinder 14' , stroke 
30", with governor, fly-wheel, &c., complete ; 1 Cornish 
boiler, 18 feet long, 5 feet diameter, complete, with mount- 
ings 300 

Shafting for driving the gins, including wheels, pedestals, columns, 

&c 100 

Leather belts (one large, from steam-en^ne) .... 60 

Extras and miscellaneous articles, packing, and free delivery on 

board 100 


£1,050 


DIMENSIONS OF A COTTON GINNING FACTORY 

For 60 Gins. 



lieugth. 

Feet. 

llreadth. 

Feet. 

Square 

Feet. 

Heiglit. 

Cubic 

Feet. 

Ginning-room 

160 

26 

4,000 

16 

60,000 

Engine and Boiler-houso 

38 

26 

960 

10 

9,600 

Total in square feet and cubic feet 

4,950 


69,500 
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REMAEKS ON COTTON GINNING FACTORY. 

Ginning is so important that cotton cleaned in a 
proper machine fetches a liigher price than when 
cleaned in one of less perfect action. 

The estimate for a cotton ginning factory is for 25 
40-inch Macarthy gins, with all recent improvements. 
If the number of gins be increased, so much the better 
for economical working. No ginning factory ought to 
have a less number than 20 gins. The cost of the 25 
gins, with self-feeding apparatus, and other improve- 
ments, with steam-engine, boiler, shafting, packing, and 
free deliveiy, comes to £1,050. From this estimate the 
cost of any number of gins, with the necessary amount 
of motive power for driving them, may be calculated. 
In some ginning factories, to open the tufts of cotton 
opening machines arc used. Two will be required for 
25 gins, and will not cost more than £50. 

A steam-engine, two horse-power indicated, will turn 
three gins 40 inches wide. The space occupied by each 
gin will be 5 feet by 2 feet 10 inches ; packed in two cases 
they will weigh 7| cwt., and measure 30 cubic feet. 

The yield of clean cotton from seed cotton per each 
gin will be from 20 to 25 lbs. per hour ; the better the 
quality of cotton, the greater will be the product. If 
the yield is 26 lbs. for Surat cotton, for Dharwar New 
Orleans it will be 36 lbs. per hour. In Guzerat one 
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native churka, worked by two men, turns out 12 lbs. 
clean cotton and 24 lbs. seeds in a day. 

Gins made at the Dharwar government factory, fitted 
with saws imported from England, cost about 173 rupees 
with 18 saws ; for a gin with 10 saws, 100 rupees, which 
requires eight men to work it, and produces 200 lbs. of 
clean fibre per day. 

It is not denied that at times the saws cut up the 
staple so badly that, notwithstanding the superior quality 
of Dharwar cotton, no higher price is realised than for 
the ordinary'' indigenous cotton. The Macarthy gin is 
adapted for cleaning cotton either short or long stapled, 
while the saw-gin is applicable for long stapled cotton 
only. 

Tiiore is no doubt that by the use of the Macarthy 
gin the seeds arc separated without in the least injuring 
the fibre, whereas with a saw-gin, even in long stapled 
Dharwar cotton, the condition of the fibre is not so 
perfect. Samples of cotton cleaned by the Macarthy 
and saw-gins respectively, have been submitted to the 
Manchester Cotton Suj)ply Association ; tliat cleaned by 
the former has been valued higher than the same quality 
of cotton cleaned by the latter. 

By the application to Macarthy gins of a patent 
feeding apparatus, saving has been effected in labour ; as 
one person can attend to more machines, while at the 
same time the production is also increased. The objec- 
tion to expensive leather rollers has been obviated by 
the patent fibre roller, which it is asserted possesses 
greater durability, and an uniform regularity of surface, 
though in some factories it is not at all approved. 

In America the Macarthy gin is used for the Sea 
Island 4btton. It also cleans New Orleans cotton with 
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less injury than the saw- gin ; but for general purposes 
the Macarthy is not used in America, as it does a less 
quantity than the saw-gin used in the States. 

Two patent gins have been lately constructed ; and 
it has been asserted that by the peculiar action the fibre 
of cotton is protected from the tearing action of the 
saw-gin, and that the full length of the staple is taken 
off neatly; but these patent gins have not been yet 
tried on a large scale in a ginning factory. 

Plan A of the cotton ginning factory shows the ar- 
rangement of fifty gins, the way the gins are driven by 
power derived from the steam-engine, and the room 
where the seeds fall from the gins during the process of 
cotton ginning. The engine and boiler are placed at the 
end of the main building. The gins may be driven 
from below, as shown on plan, or from top. In the case 
of a small factory of 25 gins, the plan of driving the 
gins direct will be preferable. 

At the important cotton centre of Broach, in Guzerat, 
one of the ginning companies established is the Victoria 
Company, which works 80 double-action Macarthy 
gins, driven with engines of 25 horse-power. On an 
average, 62,000 lbs. of seed cotton or kuppas are 
cleared here every day. The Moffussil Company works 
74 gins of the same description, with two engines of 
15 horse-power each. The Anglo-Indian Company’s 
factory contains 70 gins, Macarthy, with two engines 
of 25 horse-power each. There is another with 80 gins, 
driven by a 30 horse-power steam-engine ; besides, 
other new gin factories have been projected, as they are 
paying so well. At Yerumgaam, in the establishment 
of the Guzerat Company, there are 80 Macarthy gins 
worked by two engines of 20 horse-power. Ihch gin 
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cleans 200 lbs. cotton daily. At Omrawatee the Moffussil 
Press Company works 80 Macarthy gins, and turns out 
16,000 lbs. of cleaned cotton in ten hours, as stated in 
oflBcial reports. 

The profits to be realised from ginning cotton by 
machinery with recent improvements may be judged 
from this fact, that two enterprising Europeans built a 
cotton ginning factory at Broach, commenced working 
during the season of 1865, and realised a profit of more 
than 35 per cent, on the capital laid out. The field 
for introducing improved gins worked by steam-power 
is so extensive, that it may bo safely calculated that 
the profits on the average, under good management, 
will not be less than 15 per cent. 
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QUANTITY OF COTTON BALES IMPORTED INTO 
GREAT BRITAIN. 


From 

1866. 

1865. 

1864. 

1863. 

1862. 

1861. 

Hombay 

1,206,660 

956,886 

1,043.378 

898,900 

916,170 

906,640 

Madras 

291,672 

177,882 

173,618 

177.000 

124,200 

79,950 


346,727 

131,757 

182,488 

153,000 

30,070 

10 

China and Japan 

18,844 

141,610 

399,07 1 

161,800 

2,980 


America 

1,162,745 

461,927 

197,776 


71,7.")0 

1,811.600 

1 

407,616 

310,261 

212,193 


133.810 

100,t)00 

Kftypt 

167,451 

3:i3,575 

257,102 


131.750 

96,810 

Turkey, &c 

32,770 


61,793 

44,130 

14,800 

960 

West India, &;e. 

111,826 

131,120 

59,645 

23,000 

20,470 

9,700 

Total 

3,719,041 

2,755,321 

2,687,096 





AVERAGE WEIGHT OF COTTON BALES. 


Descriptions. 

1866. 

1865. 

1864. 

1863. 

1862. 

Bombay 

383 

390 

390 

390 

390 

Madras 

300 

300 

300 

.300 

300 

Bengal 

298 

.300 

300 

300 

300 

China and .Tapan 

326 

240 

240 

200 

200 

America 

441 

423 

438 

440 

435 

Braisil 

174 

160 

180 

180 

180 

EiOTt 

490 

493 

600 

470 

450 

Turkey^. &c 

340 

350 

.355 

.344 


W. India Islands 

180 

180 

200 . 

200 

200 

Average ...c 

362 

855 

347 

36<1 

369 
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WEEKLY AVERAGE CONSUMPTION IN EUROPE, 

IN BALES.* 



1806. 

1865. 

1864. 

1863. 

1863. 

1860. 

Great Britain... 

46,88.^ 

30,115 

.30,8.55 

25,067 

22,035 

50,633 

France 

11,808 

10.0J3 

7,808 

6,577 

5,981 

11,912 

Holland 

3,588 

2,039 

2,115 

2,654 

1,510 

2,2,50 

Belgium 

1,385 

1.4>I2 

42.3 

711 

316 

1,231 

Germany 

7.750 

4,923 

3,442 

3,096 

1,061 

5,004 

Trieste 

081 

1,077 

5.33 

600 

673 

1,182 

Genoa 

288 

ril9 

327 

46 L 

250 

1,.385 

Spain 

2,il2 

1,783 

1,750 

2,096 

1,577 

2,0.39 

Russia 

5,05 1 

4,663 

4,288 

3,533 

2,38 1 

6,211 

Total 

80,731 


51,576 

44,000 

36,726 

83,077 


From Board of Trade Ketnnis, and Messrs. Ellison and Hey wood’s Circular. 


WEIGHT AND VALUE OP COTTON IMPORTED INTO 
GREAT BRITAIN.* 


Year. 

WciRlit in 
cwts. 

Computed value. 

Average price . 
per lb. 

1866 

12,295,803 

77,521,406 

i:Vold. 

1865 

8,731,949 

66,032,000 

16 2d. 

1864 

7,975,935 

78,203,000 

2012d. 

1863 

6,948,422 

56,277,000 

20 27d. 

1862 

4,678,333 

31,093,045 

14-24d. 

1861 

11,225,178 

38,653,398 

7-37d. 

1860 

1 12,419,016 

35,756,889 

6-lijd. 

1859 

10,946,331 

34,559,636 

6-76d. 

1858 

9, 2:16,198 

30,106,968 

' 6 98d. 

1857 

8,654,6.3:1 

29,288,827 

7-25d. 


' From Board of Trade Returns, and Messrs. Ellison and Hey wood’s Circular. 











COTTON MANUFACTURES. 



INTRODUCTION. 

The rapid growth and present magnitude of the cotton 
manufacture are unprecedented phenomena in the his- 
tory of industry. This manufacture now forms one 
of the principal trades carried on in Great Britain, 
affording an advantageous held for the accumulation and 
employment of millions upon millions of capital. It 
has contributed in no common degree to raise the 
British nation to the high and conspicuous place she 
now occupies. Nor is it too much to say that it was 
the wealth and energy derived from the cotton manu- 
facture that haye given England strength to sustain 
burdens which would have crushed any other nation. 

Little more than a hundred years ago, cotton as an 
article of commerce was scarcely known in Great 
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Britain. The import of the raw material into Liver- 
pool was limited to a few bales. The first cotton mill 
that was built in England was so small and primitive 
that the machinery was turned by two asses walking 
round an axis ; it gave employment to ten girls. The 
application of an admirable and simple contrivance by 
Bichard Arkwright, of rollers for disengaging and 
laying parallel the cotton fibres, formed the basis of 
spinning machinery. Arkwright, Hargreaves, and 
Crompton were virtually the founders of the cotton 
manufacture, seeing that they determined with wonder- 
ful skill and ingenuity the principle of almost every 
machine now found in cotton mills, by successive improve- 
ments in which the production of yarn has increased 
three hundred fold. Arkwright’s first mill was built in 
1771, and was driven by water-power; but in 1790 James 
Watt’s steam-engine was substituted, and, by its regular 
uniform motion, greatly improved the processes and im- 
parted new life to the cotton manufacture. What liad 
been a domestic occupation was now carried from cottages 
to factories, and conducted in one series of operations 
upon better mechanical principles and at less expense. 
Larger establishments were subsequently formed ; the 
workmen were obliged to be more regular in their 
attendance, earned more wages, and lived better. 

Improvements were also introduced in weaving. On 
the weaving loom, in 1800, the most industrious work- 
man could produce in a week of sixty hours no more 
than four pieces of cotton cloth ; whereas with the im- 
proved loom twenty-six pieces of the same fabric were 
produced, and that at a much less cost in working. 
But the important advantages of sizing and weaving 
by steam-power were not at once recognised. In 
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1813 there were no more than 2,400 looms worked 
by steam, but in seven years the number increased to 
14,000, in 1830 to 60,000, in 1833 to 100,000; 
while the number of looms now working in Great 
Britain is more than 400,000. By the invention of 
the “loose reed,” the loom for weaving cloth was 
worked with one hundred per cent, more speed than be- 
fore ; by the taking-up motion the cloth was rolled 
after being made; and by the use of change- wheels 
any number of picks in one inch of cloth could be put 
in with the greatest nicety and by self-acting mecha- 
nism. From 1830 to 1860 the productive power of 
cotton machinery made wonderful progress ; this pro- 
gress is kept up and will be continued in Great 
Britain, by the keen competition to make the machi- 
nery as self-acting as possible, and to increase the pro- 
ductive power as well as the quality. The improved 
machinery has given such an impetus to the trade, and 
now such immense quantities of yarn and goods are 
produced, that the whole population of the world would 
scarcely be able to spin and weave it by the use of the 
old hand- spindle. 

According to the latest official returns, in the year 
1861 there were more than 2,470 cotton mills in Great 
Britain; since then factories have been built with 
astonishing rapidity. T. Bazley, Esq., M.P. for Man- 
chester, in an article in the ExchangCy calculated ap- 
proximately that the spinning spindles existing in the 
trade in the year 1863 were 32,000,000 ; and the gross 
capital invested by Great Britain in the manufacture, 
directly and indirectly, at eighty million pounds sterling. 

The persons engaged in the manufacture are enabled 
to contribute one-fourth part of the national revenue 
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of Great Britain, or exceeding twelve million pounds 
sterling per annum in taxes to the State. 

In 1860 Britain exported to India alone 241,978,364 
pounds of yarn and cotton goods; her total exports 
were 2,776,218,427 yards of cotton cloth, besides 
197,343,655 pounds of cotton twist and yam. The 
total declared value of cotton exports for that year 
amounted to £52,012,380, after supplying tlie house- 
hold requirements of its own population. The im- 
portance of the cotton manufacture may be estimated 
from the fact that in 1860 out of the total exports from 
Great Britain, 40 per cent, consisted of cotton goods 
exclusively, 20 per cent, of three other textile fabrics, 
woollen, linen, and silk, while the remaining 40 per 
cent, included every other article of commerce, livery 
year the export of cotton manufactures increases re- 
markably ; and notwithstanding that in the year 1866 
during a great portion of the year there was a severe 
monetary crisis, its value, according to the Board of 
Trade returns, increased to £60,800,000. 

Not only in Great Britain, but in almost all other 
countries in Europe, ^jotton miUs have been built and 
fitted with the most improved spinning and weaving 
machinery. Gigantic establishments have been erected 
for making machinery for spinning and weaving cotton. 
One-single firm near Manchester employs more than 
five thousand hands, to whom £250,000 are paid each 
year for wages alone. It is calculated that in it could 
be produced every week entire fittings and furnishings 
for a mill of 20,000 spindles for spinning and looms 
for weaving cloth. 

But Great Britain has long ceased to possess exclu- 
sive knowledge and skill in the art of manufacturing 



30 


COTTON MANUFACTURES. 


cotton by machinery. The progress of this manufac- 
ture in Europe will be seen by the following table : — 


Year I860. 
Groat Britain 

France 

Germany .... 

Hussia 

Austria 

Switzerland . 

Italy 

Belgium . . . . , 


No. of Spindles. 
. 30,387,267 
. 4,000,000 

. 2,000,000 
. 2,000,000 
1,600,000 
, 1,300,000 

600,000 
600,000 


In 1866, the number of spindles working in Great 
Britain was 36,000,000, according to Mr. Ashworth, 
who read a paper on the subject before the Social 
Science Congress ; he added that every day 10,000,000 
yards come out from English looms. 

India has reason to be ashamed that with its vast 
territories, with 200 millions of population all wearing 
almost entirely cotton fabrics, with raw material near 
at hand, with every facility in common with other 
countries for getting machinery with the latest im- 
provements from England, with labour comparatively 
cheaper than in Europe — that in such a country, and 
with such facilities, no more spindles are running at the 
present moment than are now in the poorest third-rate 
countries in Europe — countries where no cotton is 
produced, where machinery for working is not made, 
where skilled labour is also wanting, and where also, 
as in Russia, the climate is unfavourable, the heat being 
excessive at one time, while at another the thermo- 
meter stands very much below zero. 

The idea of a spinning and weaving factory in India 
is due, not to a native, but to a Frenchman, M. Des- 
bassyns, who was Administrator General in the French 
settlement of Pondicherry in the years 1826-28. At 
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first the French Government granted large subsidies, 
and this branch of industry has prospered in Pondi- 
cherry. In Calcutta one or two cotton factories were 
erected, but through bad management did not make 
any progress. In Bombay, the first cotton mill, owned 
by The Bombay Spinning and Weaving Company,’' 
did not commence working till February, 1866; and 
though it has paid handsome dividends, the number of 
cotton mills in Bombay, which place may be considered 
the head-quarters of cotton manufacturing by improved 
machinery in India, may almost be counted on the 
fingers’ ends. There are not more than twelve cotton 
factories — a less number even than that established in 
Lancashire by working men on co-operative principles. 



There is no doubt that that which impeded the 
progress of cotton manufactures in India was the rude- 
ness and tediousness of the modes of working. In 
several places it is still carried on by the natives with 
the rudest and cheapest apparatus, just as their fore- 
fathers did before them. For thousands of years no 
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improvement whatever was made in the art of fabri- 
cating cotton into cloth ; whereas in England the im- 
provements made during the last age have so econo- 
mised labour as to enable one man to do the work of 
a hundred. It has been well said that England is more 
indebted to Aikwright and Watt for her triumphs 
than to Jfelson and Wellington. 

The cotton manufacture in India possesses elements 
of the highest commercial advantage — because the 
product is in demand over all parts of India and China, 
the raw material is near at hand, the processes of 
manufacture are improving every day, and it could 
be conducted under very advantageous conditions. It 
indicates one direction in which industrial activity and 
(jommercial prosperity may be successfully pushed. 



THE TEXTILE MANUFACTURES AND THE 
COSTUMES OF THE PEOPLE OF INDIA. 

(Extracts from Notices of a Work by J. Forbes Watson, M.A., M.l)., 
F.K.A.S., &c., Reporter on the Products of India to the SocTCtary 
of State for India in Council. Printed for the India Office, 1806.) 

From the London Times, January, 1867. 

On no point, perhaps, in regard to India, has greater 
ignorance prevailed in England than in respect to the 
clothing of her vast popu- 
lation. Wo have heard 
and read of rich silken 
robes, and of gorgeous 
cloths <»f gold and silver 
tissue ; and many of us 
may have seen and felt 
portions of that delicate 
filmy Dacca muslin which 
formed the envied dress 
of the belle of sixty years 
ago, or the final cravat 
which was tied so elabo- 
rately over the pad which 
encircled the neck of our 
greatgrandfather. When 
the East India Company 
traded to India, they im- 
ported some species of manufactures consigned from 
their- factories,” and sold them in limited quanti- 
ties. They were rarities and luxuries, and, generally. 
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very expensive. England then received ‘‘ bandana ” 
handkerchiefs, calicoes, and some chintzes. Among 
some of the treasured hoards of ancient ladies may be 
remembered quilts called “ pallcmpores/' which were 
spread over beds in summer time ; as, also, among 
gentlemen, were those real Indian “ bandanas.’^ But 
these did not represent Indian manufactures, and were 
goods made up especially for the English market by 
Indian weavers. The gentlemen of India did not use 
bandanas, and even the calicoes sent to England were of 
a stouter and thicker texture than those used by the 
people of the country, and were also woven to suit 
English requirements. As to gold and silver cloths 
and tissues, brocades, the richer descriptions of silk, 
and the muslin fabrics in ordinary wear, they were not 
needed in England ; few beyond those who had seen 
them in India knew of them at all, or cared to know 
how they were woven or how used, or attemi^ted to in- 
vestigate the native arts of spinning, weaving, and dye- 
ing — the manipulation, in fact, of products which could 
not be imitated Specimens of each fabric, par- 

ticulars of which are detailed and printed with each, 
are bound up in 18 volumes of folio size, and of them- 
selves form valuable museums of practical reference. 
We have had an opportunity of examining these 
volumes, and found them, not only complete in every 
respect, but forming a collection of most beautiful and 

interesting samples of native manufactures There 

are 700. of these samples, all cut to the size of the folio 
page, showing not only the texture, but the patterns of 
(jentres of fabrics, with their ends and borders of silk, 
cotton, or gold thread. The number of threads in the 
warp and woof have been counted and are detailed, and 
the length and breadth of each article, scarf, waistcloth, 
X)iece, or whatever it may be, whether to be worn as a 
garment, or part of a costume, or cut into a tunic, a 
l^dice, or any other portion of male or female apparel. 
.... The range extends from the coarsest and lowest 
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priced cotton materials up to the richest and most ela- 
borate specimens of gold and silver brocades, silks, 
satins, and muslins, plain, or figured with silver or gold 
thread. 


From the Manchester' Examiner ^ September, ISCfi. 

By direction of the Secretary of State in Council for 
India a very large, and no less valuable, collection of 
samples of native textile manufactures has just been 
forwarded as a present to the Manchester Chamber of 
Commerce. Some idea of the copiousness of this collec- 
tion can be formed when it is stated that it fills about 
eighteen volumes of two feet in length by one and a-half 
feet in breadth, and a thickness in proportion. These 
samples, which number upwards of 1,000, have been 
prepared at the India Museum, under the supervision 
of Dr. Forbes Watson, who has been engaged for some 
time past in reporting for the Government on the pro- 
ducts of India. The specimens are in cotton, silk, satin, 
and woollen, and the patterns are so classified as to re- 
present nearly all the uses, from turbans to gauze pan- 
taloons, wliich such textiles may be required to serve. 
The first volume is entirely occupied with turban pat- 
terns. These are of all qualities, from the common 
bleached cotton from the handloom of Bhurtpore to the 
finest texture from Cashmere. Samples in use among the 
higher classes in Sinde are given in great variety. One 
of the richest of these measures 23^ yards in length, by 

13 inches in width, and weighs only 1 lb. 2 oz 

Turbans in dyed cotton are equally well represented. 
There is one of remarkable richness, with two gold stripes 
down the centre of the principal end (extending about 
four yards). The weight of this with the necessary pad- 
ding ’would be 3 lbs. It was manufactured at Oodipoor, 
in Rajpootana. In other samples of equal richness the 
colours are laid on with a stamp, and though padding 
has to be used in making them up, the wei^t, all ^Id, 
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is less than 7 oz. The costliest specimen of all is from 
Madras. In this sample the material, which is a mix- 
ture of silk and cotton, is fringed with gold tliread. 
Others have deep gold borders, and are valued in some 
cases as high as £4. The assortments for men’s gar- 
ments are very numerous. In most of these samples 
the two pieces are woven as usual in one length, with 
a “ fag ” between, to permit of their being readily sepa- 
rated. The longer portion is worn round the body, and 
the shorter one over the shoulders. The length of the 
longer is from 4 to 6 yards, that of the shorter from 2i 
to 4 yards, the average width being about 1^ yard, and 
the price according to material. Cotton of fine light 
texture, and of the above dimensions, is set down at 
£1 10^. the garment ; and, if common texture, the price 
is from 3^. upwards. Samples of cotton worn by the 
Lubbays, an industrious class of fishermen and Maho- 
metan ‘‘merchants” on the Madras coast, are shown 
from 2«. 7 Id. to about IO 5 . ; unbleached ditto, from 
I 5 . 3rf. ; boys’ ditto, length 1 yd. 3 in., width 19 in., 
and weight 2 oz., appears to be so low that it is not 
priced at all. Vol. III. is chiefly composed of scarf pat- 
terns. Some of these are exceedingly bright in colour, 
being woven in half- widths, with a border on one side ; 
two of these are afterwards sewn together so as to form 
a complete scarf, with a border on each side. The 
highest-priced sample is one which costs nearly £8. 
Some are in silk, others in silk and cotton, others 
(cotton) with silk borders and ends, and they show an 
endless variety in colours and quality. There are also 
samples* of the “ dhotee,” a kind of scarf worn round the 
loins. The volume ends with samples of cotton kess, a 
coarse material used by the natives as a covering for 
themselves as well as for horses. The length of one of 
these samples is 3 jrards 12 inches, width 46 in., weight 
2 lbs. oz., and price 3s. 6rf. Fabrics for domestic use 
include samples of cotton palempore, or bed-cover; from 
Bengal ; these vary in price from 2s. Qd, to 6s., and 
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show great ingenuity of workmanship. Among the piece 

goods are samples of cotton print known as chintz 

There are samples of the tent, railway, or sleeping rug. 
These are from Upper Assam, and weigh from 6 lbs. to 
7 lbs. The Sepoy ‘'regulation rug,” of which also there 
are many specimens, appears as if it would wear for a 
century. Some of these are from Madras and others 
from Bengal. The “regulation” price is 2s. The pieces 
for women's clothing show a dazzling variety of colour. 
Crimson, puce, green, and pink are blended in true 
barbaric splendour. Some of the finest muslins for 
scarfs weigh only 6 oz. for 10 yards in length, and 1 ft. 
4 in. in width. The price of these is from £1 upwards. 
The chief place of their manufacture is Madras. Tlic 
silk tartans from Tanjore form also a conspicuous collec- 
tion. The kincobs, mushroos, and silk brocades appear 
to carry decorative manufacture almost to its height. 
The kincobs, which are of satin, and used for ladies' 
petticoats, are adorned with gold flowers. These wares 
are principally from Trichinopol 3 % and cost from £3 to 
£6. The brocades, with flowers of white silk, arc from 
the Deccan, though bought in Madras. The mushroos 
have a silk surface, with a cotton back, and also bear 
loom-embroidered flowers. These latter samples cost 
about £2 for 5 yards in length by 30 in. in width, the 
weight being about IJ lb. Most costly samples arc 
massively flowered in gold, with silk stripes ; and others, 
yet costlier, from Ilyderabad, show a marvellously strik- 
ing arrangement of colours, in wavy stripes of rich yellow 
and gold with pink and white. The silk for trouserings 
is of the thinnest and lightest texture. Nine yards of 
it weigh scarcely so many ounces. Textiles of similar 
fineness arc shown in gauze. 
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MANUFACTURING PROCESSES. 

(1.) Cotton Opener , — At one end of this machine 
cotton is spread upon an apron made of a series of thin 
narrow wooden bars fixed at their ends to two strips of 
leather. The cotton is conveyed to a pair of fluted 
rollers, and then to a series of revolving cylinders 



furnished with rows of teeth, making more than a 
thousand revolutions per minute ; the teeth seize the 
cotton and draw the locks apart. The dust falls within 
the casing, and is carried by a self-acting fan to the 
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dust-room outside the mill. The cotton, after boin^ 
opened and cleaned, falls out at the other end of the 
machine. 

(2.) Scutching and Lapping Machine . — In this there 
is an arrangement for feeding a regular supply of cotton, 
which passes to the feed rollers, then to a set of toothed 
cylinders, then to a second and third set, revolving at a 
higher rate than the first, by which the fleece of cotton 
becomes reduced to one-third the thickness as first 
supplied to the machine. The next operation in the 



same machine is to foi*m the fleece into a roll or lap. 
By passing it to four calender rollers, the fleece receives 
three compressions, and is formed into a kind of felt, 
which winds itself upon an iron rod; this rod is removed 
when full, and is replaced by another. 

(3.) Carding Engine . — ^The cotton laps are placed at 
the back of this machine, where the fibres are combed 
and straightened, and certain very slight impurities 
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of cotton slivers or ribands from the card-cans are 
passed through four pairs of rollers, revolving at different 
speeds, the speed of the front and that of the hack pairs 
being as one to six. The result is that the slivers are 
drawn out to six times the original length, forming a 
single web, which is passed to and deposited in a revolv- 



ing tin can. The centres of the rollers in this frame 
are ad justed to suit the length of staple of the cotton 
fibres. The cotton as it leaves the drawing frame is in 
the form of a loose, porous cord, the fibres of which are 
parallel. 

(5) Slubbmg Frame . — By passing through the rollers 
in this frame, the loose porous cord is further increased 
in length fivefold. In front of the machine are spindles 
in a double row. The spindle is a round steel rod with 
two arms or flyers, which fit to the top. Upon these 
spindles hollow tubes of wood, called bobbins, are 
pjacfed. The two revolve at different rates. The cotton, 
' as delivered from the rollers, is partially spun or twisted 
by the revolution of the spindles ; it passes through the 
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hollow legs of the flyers, and is wound upon the bobbins 
or wooden tubes. 

(6.) Intermediate Frame . — The bobbins from the slub- 
bing frame are taken to the back of the intermediate 
frame. Two ends from two bobbins are then doubled 
by passing through another series of rollers, and join- 
ing, drawing, twisting, and winding them upon smaller 
bobbins. The intermediate frame operates in the same 



manner as the slubblng frame. In mills where the 
yarn is not intended to be made of a superior quality, 
it is sometimes dispensed with ; but in spinning throstle 
yarn, the intermediate frame is essential, 

(7.) Rowing Frame . — The bobbins from the last frame 
are brought to this machine, where the cotton is passed 
through rollers, twisted, and finally wound upon still 
smaller bobbins. To ensure a regular winding upon 
the bobbin, a presser is attached to the lower end of 
one of the flyer legs, and it is through a hole in the 
outer end of this presser that the roving passes in 
being wound upon the bobbin. The duty of the hands 
who attend these frames consists in joining any sliver 
that may break, removing the full bobbins, replacing 
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the spindle, past the eyelet of the flyer, and the yarn is 
distributed equally upon it on winding. The yarn 
made on this machine is called throstle yarn, or water 
twist, which, being twisted hard, is used generally for 
Avarp. The throstle is used for “ 30's ” and downwards 
— sometimes for “ 40’s,^' but not for a higher or finer 
number. 

(9.) Self-acting Mule , — This machine operates at the 
same stage as the throstle, but producing a different 



kind of yarn. It consists of two principal parts. One 
is stationary, containing the rovings, the rollers for the 
elongation of the yarn, and wheel-work for governing 
the general movements. The other part consists of a 
carriage upon an iron rail, which holds the spindles, and 
traverses about five feet backwards and forwards. The 
yarn uncoils itself from the spindle down in a conical 
form called a “ cop.” Every movement in this ma- 
chine is automatic. The mule is applicable for spinning 
principally weft, and also what is called ‘'mock water,” 
and any number could be spun. 
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(10.) Reels , — When yarn is mt required for weaving, 
in the factory, but intended for sale, then it is reeled 
on these machines either from the throstle bobbins or 
mule cops, and wound off into measured lengths of 840 
yards each, called hanks. The reel itself is six-sided, a 
yard and a half in circumference, on which the yarn 
winds ; when it has completed eighty turns a check is 



struck, showing that a rap of 120 yards has been 
formed. Seven of these make a hank of 840 yards. 
The girl who minds this simple machine ties the hanks 
round, slips them off, and proceeds to wind another set. 

(11.) Bundling , — Yarn is sold in hanks, each con- 
taining a length of 840 yards. However fine the yam 
may be, the same length is made to the hank, so that 
the quality or fineness is indicated by the number of 
hanks which make a pound in weight. Number 20 
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'ioater twist means a coarse yarn of twenty lianks to 
the pound. Throstle yarn, as just mentioned, is called 
water twist, and is used for warp or longitudinal threads 
of cloth ; whereas mule yarn is used for weft or cross 
threads. In the bundling press a bundle of ten 
pounds is formed. Thirty of these, pressed in an hy- 
draulic press, form a bale of 300 pounds for the Bombay 
market ; for other parts of India and for China fifty 
bundles of ten pounds each are made into a bale. 
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MANUrACTURlKG PROCKBSRS. 

(1.) Winding Machine , — ^When the yarn is not in- 
tended for sale, but^is made for weaving into cloth in 
the same factory, then the warp yam is brought to the 
winding machine, where the threads are unwound, and 
passed through minute slits, sufficiently wide to admit 
the thread so long as it is of proper thickness, but in- 
tercepting the thick parts. The threads are also passed 
through brushes, which clear them of dirt. Then the 
yam is laid on bobbins, and there is an arrangement by 
which the bobbins can be filled up in any form. 
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(2.) Warping Machine. — ^This is used for the pur- 
]>ose of winding the yarn or thread from bobbins on to 
beams, and to lay the threads alongside of each other 
in one parallel line. It has an arrangement by which 
undue tensioji is avoided, and breakages thereby ob- 
viated ; but if a thread l3reaks, it is easily discovered 
and reunited. One of the oldest methods still practised 



in India and China is to draw out the threads in the 
open fields. It is a very primitive prf»cess, no d(nd)t, 
and is not at all countenanced in Europe now-a-days. 

(J5.) t^izing Machine. — ^As the threads in weaving are 
subject to considerable friction, it is necessary to give 
them a dressing of size or paste, which is done in tliis 
machine. The threads from six* beams are all run 
together into boiling size, and passed between squeezing 
rollers, which press the size into the thread and 
strengthen it considerably. Then the yarn is dried by 
passing it over drying cylinders made of copper or sheet 
iron, and heated by steam-pipes. The yarn is finally 
wound uniformly on weaver's beams, and as the roll 
enlarges, the drug on the yarn is equalised. 

.E 
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(4.) Looms . — The beam of warp yam is placed on the 
loom for weaving cloth, and each thread is passed 
through the teeth of an instrument called the reed, 
which is set in a movable swing-frame. One set of 



threads is raised and the other depressed, so as to 
make an opening or shed from one side of the warp 
to the other. In this opening a boat-shaped piece 



of wood, called a shuttle, containing in its hollow the 
weft yam, runs freely to and fro. The waft passes out 
from a hole as the shuttle moves along (more than 180 



times a minute), and the weft thread is driven in. 
Each cast of the shuttle adds to the woven fabric by the 
breadth of a thread. As the weaving proceeds, the 
finished cloth winds itself upon a cloth beam. 
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(5.) “Bolding Machines, or Plaiting and Measuring 
Machines, driven by steam power, measure the cloth 
and lay it in folds after it comes from the loom, with 
the greatest regularity and precision, and effect a saving 
as compared with the old hooking system. The hy- 
draulic press is used for pressing the cloth and making 
up into bales, the sizes of which vary according to the 
requirements of different coimtries. 


A 1 
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ESTIMATE FOlt A COTTON SPINNING FACTORY OF 
10,640 SPINDLES. 


Machinenj m shown on Plan D. 

2 ()])OTiing insichiiK'H, with 1 and 3 oyliiidors and fans. 

I scutchor and lap rnjichiiir ...... 

14 Patent aiiloinalie eardiiif^ c*nginos, 40 inches on the 
wire, witli cylinder strip])inR; apparatus and patent 
doffer eofuh, 7 rollees, 5 cle{ir(*r.s, eoiler and (;an motion. 
(If the cards are ordinary, more tlian 20 will ho r(‘(pnrod.) 

3 I)rawinp;-riames— 1 of 3 heads and 4 deliveries, and 2 of 

3 heads and 0 deliveiies each ; 4 rows of rollcTS, coilers, 
ami stop motions 

3 Patent sluhhinf^-fraincs, 46 spindles («ich, for hohhins 

10 X 6 . 

6 Inti'nnodiato frames — 2 of 46, and 4 of 64 spindles each, 

hohhins 10 X 5 and 10 X 4J 

8 Rovin^f-frames, 104 spindles each, hohhins 7 X 3 J . 

12 Solf-actinf^ mules, 672 spindles each, with douhle-hoss 
rolhu’S, hackshafts, driving a 2 >paintuH, coinj)lc*to 
10 Throstles, 200 spindles each, lop and under cloarcrs, 
complete 

4 Throstle and 16 mule reels, 3 hundling jmessos, and 1 

hydraulic ju’ess. (Packing and free delivery included.) 
1 Pair of horizontal compound steam-engines, high-in-cssure 
cylinder 18.J in., low-pressure cylinder 30 in. diameter, 
stroke 6 foot, with steam jackets, fitted wdth apparatus 
foi' cutting-off steam at different portions of the stroke, 
with air-pump, condenscT, plates for hottom of engine- 
foundation, and with several improvements not to he 
found in ordinary engines. (Without improvements th() 

cost wdll he about £300 less.) 

3 Wrought-ii*on boilers, 25 feet long, 6 feet diameter, made 
of the best Staffordsliiro plates, complete, with steam- 
pipes and safety-valves, water and steam gauges, with 

duplicate articles 

Green’s economiser, 96 pipes, with scrapers and spare pipes 


£ 

250 

080 

370 

310 

706 

998 

1,780 

758 

790 


1,500 

800 

340 


Carried forward 


. 9,582 
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X 

Brouf^ht forward . . . 9,582 

Floor-l)oams for enp^inc-hoiisc, hand-Kiils, omamcrital pillars 
for cranks, brass injcjctoi-s, valves and pipes for coniioo 
tion with wells and rtjservoirs outside, &c. . . . 150 

Mill-gearing^, consisting of wheels bored, turned, grooved, 
anil fitted, with 300 fi'ot of shafting in several h'ugtha 
as per plan, 115 sidf-lubincating pedestals, wall -boxes, 
Imickets, fluted coluirms, axle drums, jiiilk'vs, heavy 
girdi'i’H for blowing -room, cotton steam -hoist, iron 
staircase, iron sliding-doors, doors for entrances and 
war< ‘house, and all ne<’CS8ary duplicate articles, including 


packing and delivmy ....... 1,500 

'Pools for mechanics’ shops, including a lathe, bi‘d 13 feet, 
dnlling-machiiie, set of drills, set of taps and dii^s, driv- 
ing tackle, &c.., including packing . . . . .175 

IronnioTigery, inchiding wrap-reel, scales, roller-covering 
ai)paratiis, rolh‘r-endiTig nuu-hine, assorted tiles, liaimner.s, 
vices, chisels, pliers, bellows, emery-elotli, si>irit-l(‘vol8, 

fillet tacks, Ac 200 

Strapping for driving all machinorj’', laces, roller-skins for 

covering rolh'rs, roller and clearer cdoth, &v,. . . . 150 

Oard-clothing, for main cylinder, doffer, bikc-iTi rolh'rs, 

stripp(^rs, and clearers . . . . . . . 148 

Bobbins for slabbing, intermediate, roving, and tbrosik's ; 


creel-pegs, &c., painted and varnished, and made out of 
solid timber well seasoned, including 25 p(‘r c<mt. (jxtra 330 
Tinwork — including 2 oil (*istf)rns of 200 gallons, with taps, 
drainers, indicator ; cans for shafts, cards, and other 


machinery 98 

Firebricks for boilers, if requir'd . . . . . .100 

Miscellaneous ailicles, including grimling-machine for cards, 

card and other hrushes, banding for throstles, felt, &c. . 222 


£12,955 
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ESTIJNIATE FOR A COTTON WEAVING FACTORY OF 
200 LOOMS. 

Machinei'y as shown on PiiAN C. 

£ 

2 Winding machines, 200 spindles each, arranged to wind either 

from mule cops or throstle hohbins, complete . . .135 

3 Warping machines, for 600 bobbins each, with indicators, creel 

pegs, stopping, reversing, and measuring motions, &c. . 60 

Sizing machine, with copper rollers, creel with 6 beams, copper 
drying-cylinders, size box, condensing boxes, expanding 

and contracting lathe, &c 170 

100 Looms to weave calicoes, shirtings, printing cloths, &c., 40 
inches wide in the “reed space,” with self-acting fluted 
roller temples, weft-stopping motion, positive taking-up 
motion, break, complete with all improvements, either fast 

or loose reed 960 

1 00 Looms, 36 inches reed space, in every other respect similar 

to the above 900 

1 Folding machine, 1 cloth press, 4 looming-frames, 2 drawing- 

in-frames, 1 patent heald knitting machine . . . 120 

All extras and accessories, including yam beams and flanges, 
boxwood shuttles, weft cans, dressers, flannel, bobbins, 
combs, sets of hcalds, &c., with packing and free deliveiy 
on board 828 

£3,172 

Note. — If the looms are not driven by the engine shown on Plan B, 
a 15 horse-power engine will be required, which, with boiler, shafting, 
&c., will cost about £1,000. 
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SUMJMARY OF ESTIJMATE FOR COTTON SPINNINCi 


FACTORY. 

£ 

Cotton spinning machinery .... 6,942 

Stoairi-oiififinea, hoilers, gearing, &c. . . 4,200 
Tools for mechanics’ shop . . . . 175 

Ironmonger}’- 200 

Strapping 450 

Card-clothing 148 

Hohhins 330 

Tiii-\V(jrk 98 

Firebricks 100 

Miscellaneous . . . . . .222 


£12,955 

(See “ Remarks on Cotton Spinning and Weaving Factories.”) 


SUM^IARY OF ESTIMATE FOR COTTON WEAVING 
FACTORY. 


£ 

Cop-winding machines 135 

Warping machines ..... 60 

Shsing machino 170 

Looms 1,850 

Folding machino, &c. ..... 129 

Extras and acccssoiies 540 

Packing and delivery 288 


£3,172 

(See “ Remarks on Cotton Spinning and Weaving Factories.”) 
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DIMENSIONS OF COTTON FACTORIES. 

Plan 1), 

or B aiid C plmiB, of spiniiin*? and wnavinp^ comhinod as ono plan, 
oontainiiif^ 2,000 throstlt? and 8,0G4 imdo s]>indlcs, and 200 looms. 
Scale : oO feet = 1 inch. 



Length. 

Breadth. 

Square 

Height, 

Cubic 


feet. 

feet. 

feet,. 

feel. 

feet. 

Front wing, for blowing- 







room, onginc-hoiiHO, 2 cn- 
trancf's, inc'chanics’ shop, 


125 

35 

4,376 

20 

87,500 

with upper stoiy . . . > 







Side wing, for preparation | 
niachincry nn<l throstles . ' 


165 

65 

10,725 

12 

128,700 

Side wing, for self-acting 

mules 

Iiitenmnliate wing, for pre- 


166 

65 

10,725 

12 

128,700 

pai’ation machinery for 
weaving ) 


125 

36 

4,375 

10 

43,760 

Wing for 100 looms . . . 

106 

42 

4,410 

10 

44,100 

Wing for 100 looms . . . 

105 

42 

4,410 

10 

44,100 

Boilers and economiser . . 

40 

32 

1,280^ 

10 

12,600 

War( house 

32 

20 

640 

14 

8,960 

'rohil of square feet and cubic feet 

40,940 


498,410 


Plan E, 

containing 4,762 throstle and 6,184 mule spindles, and 150 looms. 

Scale : 40 feet = 1 inch. 

Total length, 272 feet. 

„ breadth, 148 „ 

„ height, 12 „ 

„ square feet, 40,266. 

„ cubic feet, 483,072. 

(See Note on Cotton Factory Plans, p. 65.) 
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REMARKS GIST COTTON SPINNING AND 
WEAVING FACTORIES. 


TyERK is no country in the world whore the popiila- 
l&n exceeds in number that of India or China. The 
/natives are almost entirely clothed in cotton, and the 
clothing consists generally of coarse fabrics. The 
quantity consumed per annum has been estimated from 
5 to 20 pounds per head of population. Now, taking 
only India, with a population of 200 millions, and an 
average consumption per head of poptilation no more 
than 3 i)ounds, the annual consumption would amount 
to 600 million pounds, quite irrespective of China and 
other parts of Asia. To supply this very extensive 
demand of cotton goods for the teeming millions offers 
SI field of vast industrial enterprise, in a country where 
the raw material is produced, and where labour is 
cheaper thah^n Europe. No other branch of industry 
offers so much scope for investment of capital as cotton 
manufactures in Asia. By manufacturing with im- 
proved machinery on the factory system, rather than 
with rude implements, the comfort of the millions 
would be greatly promoted. 

The principal use to wjiich Indian cotton was put in 
cotton mills in England, before the American war, was 
as a mixture with American cotton. But now Indian 
cotton is mixed with every variety. In spinning fine 
for which the demand is very limited, there 
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are some obstacles; but in spinning coarse numbers, 
and weaving them into cloth adapted for India and 
China, there is no difficulty. During the cotton famine 
in England the Manchester Cotton Supply Association 
obtained from numerous English spinners a large 
collection of yarns, ranging from No. 4*8 up even to 
No. 70’s, all guaranteed exclusively from East Indian 
cotton. A quantity of cloth manufactured from 
Broach cotton was bleached, dyed, and printed by some 
of the principal houses in the trade, in styles ranging 
from a single colour to a twenty-colour machine fur- 
niture pattern, which proved the capability of Indian 
cotton for the production of goods of a quality for 
which the demand is so extensive not only in India and 
China, but in almost all parts of Asia. 

In the Bombay Presidency the demand is chiefly for 
No. 20^8 mule and water twist; while in Madras, 
Calcutta, and China, it is generally 40's mule yarn. 
In some mills in Bombay No 40’s is spun from In- 
dian cotton regularly. For weaving calicoes No. 32's 
is a common sized yarn. For candle-wicks and coarse 
counterpanes, such low numbers as two hanks to the 
pound are also manufactured. 

Machinery for which the estimate is given is adapted 
for spinning yarn from No. 20’s to 40’s. 

Plan B of the spinning factory shows arrangement for 
little more than 10,000 spindles. At Ahmedabad a mill 
was started with only 2,500 spindles; in Bombay in 
two cases with 6,000 spindles ; but to work with full 
advantage, 10,000 spindles ought to be the least number 
in a factory — the more the better. 

The steam power required for driving the machinery, 
according to the firm who made the enginejst,,for the 
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Arkwright Mill, is that a nominal horse power will 
drive 200 throstle spindles with preparation ; or 400 
mule spindles and preparation ; or 20 looms ; the 
engines indicating, when fully loaded, four times their 
nominal power, spinning and weaving medium numbers. 
But it will be a wise provision in every factory to have 
more driving power than less. 

Production from the spinning machinery for which 
the estimate is given, and shown on plans B and 1), in a 
week of sixty hours : — 

8.000 mule HpindloH, spinning No. 40'8 6,000 lbs. 

2.000 throstle spindles, spinning No. 20*8 .... 2,000 lbs. 

The higher or finer the number of twist, the less the 
production will be. The self-acting mule can be made 
applicable both for weft or cross threads and warp, or 
longitudinal threads of cloth; but the warp in mule 
not being so hard twisted as in throstle spinning, there 
is an advantage in throstle over mule warp in weaving, 
particularly T cloths and long-cloths, but not much 
in light goods. Throstle spinning requires nearly 
twice the amount of steam-power to drive it as mule 
spinning — while a mule requires much more space than 
a throstle, which will be seen at once on the plans ; so 
that there is hardly any advantage in throstle over 
mule spinning. 

The cost of spinning yam in Bombay is just the same 
as in a cotton mill in Lancashire, for No. 20's, which 
is the principal number in demand in the Bombay Pre- 
sidency. The waste in working Indian cotton, when not 
properly cleaned, is, on the average, about 20 per cent., 
more or less, according to the class of cotton used ; in 
American cotton it is a little less. 

Looms and other machinery for weaving yarn into 
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cloth, for which the estimate is given, and shown on 
plans C and D, arc adapted to weave shirtings, prints, 
Madapollams, T cloths, and other cotton goods in 
most extensive demand in India and China. The counts 
of yarn most used for weaving this class of piece-goods 
arc 24’s warp and 32's weft. 

The quality of cloth is ascertained with some precision 
generally by a small magnifying glass, by counting the 
number of threads in a given space. 





iiiimliiaiiiiiiiiiiim 






The only changes of pattern which can be readily 
produced by plain weaving are stripes or checks — the 
former generally depending upon the colours of the 
warp, and the latter upon the colours of both^warp and 
weft. Thus, stripes in the direction of the cloth may 
be produced by using warp of various colours, or a.,warp 
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composed of threads of different sizes and substances ; 
stripes across the web may be formed by using shuttles 
containing various colours and substances; checkered 
patterns, by varying both warp and weft ; and figures, 
to a certain exient, by raising and depressing alternately 
certain portions of the warp. Troills are formed by 
(lausing the thread of the weft to pass alternately over 
four and one of the threads of the warp, and per- 
forming the reverse in its return. 

The Wages in England, in the cotton factories, for 
the men who mind the mule spinning, arc from 20«. to 
26s . ; the boys earn, according to their age, from 6,?. to 
14^‘. per week. In the weaving department, the winders 
earn about 26s. ])cr week ; and the weaver, generally a 
woman, who attends two or sometimes three looms, 
earns from 12,^. to 146*. per week. Except in a few 
cases, the wages to the hands arc paid according to one 
standard list of prices, and in proportion to the amount 
of work they turn off. This system has been very 
lately introduced into Bombay mills, only in weaving, 
but ought to be introduced in the spinning department 
as well, as it is a great stimulus to the hands to work 
steadily. In the Bombay factories, the adult hands 
receive from 10 to 12 rupees ; boys and girls, from 4 
to 8 ; and the women, from 6 to 8 rupees per month. 
Labour in Bombay is dearer than in other parts of 
Asia, where in some places it is 50 per cent, lower. 

The capital required for the spinning mill of 10,000 
spindles as per approximate estimate of machinery 
amounts to £12,955, to which add for freight and 
insurance about 15 per cent., and for erecting machi- 
nery about 10 per cent. For mill-house with iron 
roo||: 4 p}yanised||licets, glass windows, two rupees per 
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square foot, more or less according to the price of 
building materials and wages at the place where it 
may be intended to build the factory, and of which 
an exact estimate may be made from the dimensions 
given of the plans of factories. For the spinning 
factory, including dead stock, &c., a capital of £30,000, 
and if it be intended to add 200 looms at the same 
time, a capital of £40,000, will suffice for all ordinary 
purposes. 

ProJits , — The first mill that commenced working in 
Bombay was that of The Bombay Spinning and 
Weaving Company,” with a capital of 500,000 rupees, 
divided into shares of 2,000 rupees each. The following 
is the official memorandum of profits derived by that 
Company, the manager of which, a Parsee gentleman, 
receives a clear commission of 5 per cent, on the 
proceeds of yarn sold ; a due reward in this case, as he 
was the first to introduce cotton spinning into Bombay 
with improved machinery ; and which good example 
has been followed, though slowly, but on the whole 
with success, by the establishment of a dozen com- 
panies for cotton spinning and weaving. 

DIVIDENDS PAID BY THE BOMBAY SPINNING AND 
WEAVING COMPANY. 


1 

When paid. . Dividend. 

Capital. 

Amounts of 
Dividend. 

Remarks. 

i 

Rs. 

Rs. 


Dec., 1858! First 

500,000 

600 

Commenced work- 

Juno, 18591 Second 


400 

ing February, 1856. 

Doc., 1869 1 Third 


600 


Dec., 1863 1 Fourth 



From 690 received 

June, 1864' Fifth 

550,000 

700 

back li8.500 to in- 

Juno, 1866 Sixth 

tt 

400 

crease the capital. 


Dadahoy Pbstanjee, 8ecretar5^ 

Bombay, I7th April, 1866. 
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Another establishment, which was organised in the 
year 1861, and called “ The Bombay United Spinning 
and Weaving Company,*' with a capital of 900,000 
jupces, has declared dividends as follows : — 

10 per cent., first dividend for the half year ending June, 1863. 

20 ])('v t ent., s(*cond dmdend fer the halt year ending December, 1863. 

12 per cent., third dividend for the half year ending Juno, 1864. 

12 per cent., foirrth dividend for the half year ending December, 1864. 

No dividend for the year 1866. 

12 p<ir cent, for the year ending 1866. 

“ The Bombay Alliance Spinning Company,” during 
the six months ending 1866, made a profit of £16,491 
on their paid-up capital of £125,000. 

Regarding Bombay cotton mills, at a meeting of 
the Directors of the Manchester Chamber of Commerce, 
held in April, 1867, one of the directors, Mr. Cassels, 
read a letter from his firm, as follows : — 

Bombay, March, 1867. 

“ The ItJiigcloths, T cloths, and domestics produced 
by these concerns have been gaming in favour with 
consumers in all districts where they have been selling 
during the last two or three years, and are now pre- 
ferred to Jjancashire makes of the same class, mainly 
because the former, although a rougher, is an honest 
article, and wears better than the latter. Experience 
has taught the natives that, owing to the extent the 
majority of your manufacturers have been adulterating 
their cloth with size of late years, Lancashire cloth 
deteriorates very much in the first washing. Of the 
total quaijtity of these goods sold in the Bazaar, from 
60 to 75 per cent, are of local make. All the Bombay 
mills.^^ working full time; and, as they can sell their 
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productions at paying rates faster than they can 
manufacture, they are making good profits. 

(Signed) “Peel, Cassels, & Co.” 

The losses which some of the Bombay cotton mills 
have suffered in I8G0-66, were from taking large 
advances from banks at a very heavy interest, accumu- 
lating yarn and goods from month to month, and then 
selling them at a much lower price than in the first 
iiistance. 

It must be borne in mind, that as in eveiy other trade 
and j)rofcssion, so in cotton mills and all other factories, 
the profits and losses will fluctuale more or less accord- 
ing to the price of raw materials and manufactured 
goods, to good inanageiuent, and so on. But cni the 
whole, investment of capital in factories will be as safe 
as any other, and less liable to fluctuations tlian bank 
sliares, or shares of reclamation coiii2)anies. 



65 


NOTE ON PLANS OF COTTON FACTORIES. 



Four plHua, marked B, C, I), and E, of faetoidea for spinning and 
weaving cottfui, have been given ; and, though necessarily reduced to 
a small scale from large idans, will answer all tlie pui^oscs» as showing 
the disposition of machinciy’^, tho way the machinery is diiven, and 
also tho space the buildiiigs for factories will occupy. 

B. Vlan of Cotton Spinning Mill for 2,000 throstle and 8,064 mule 
spindles, and tho other necessary machinery for working it ; for which 
the estimate has been given. — All tho machim^ry is placed on the 
ground floor. In this plan somo impoilant improvements have been 
adopted, suggested by actual experience, and which have been intro- 
duced in almost all the other plans of factories contained in this w'ork. 
The principal feature is this : that instead of one building, tho mill is 
divided into separate wings, but still connected with one another. The ex- 
treme breadth of the wings is 66 feet, but that is an exception — ^in several 
cases it is only 30 feet, and even less. The light in the miU is derived 
f«?^^6,windows inserted in tho side walls. In the mills erected in 
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i >ombay this is not the case. There the Kght is entirely from top winrlo ws. 
The main advantage of the adoption of wings is, that the mill being 
lighted by side windows facing each other, jind not from the roof, the 
expense of several thousand feet of glass windows absolutely required 
for the mills as erected in Bombay, as shown in plan 1C, will be saved 
to a great extent ; and the light from side windows will be quites 
ample for the purpose of working the machinery. The ventilation in 
tile mill by having ventilators, and that opposito each other, ^\ill be 
far better than is the case at prcbeut ; and th(^ nuisance of gutters 
will be entirely obviated by having the iron roof made of one span, 
without a central gutter. 

C. Flan of Cotton IVearing Factory — contains 200 looms Jind all 
the preparation machinery for weaving, for which estimah's have been 
given.- -The looms are placed in two wings, 100 in each wdng, and the 
breadth is so regulated that the light from side wnndows would be 
quite amjde. The plan C may be considered as a continuation of plan 
B of spinning factory, if it is intended to use the yam for wt'aving. 
The reeling machines which are requu’cd in a spinning factory nf)t 
being wanted in w^ea\dng, the place in the s}>inning factory occu])ied 
by rc(‘ls is hero filled up with prepamtion machinery required for 
W’e;aving. 

I). Plan of Spinning and Wearing Factory — includes all the nui- 
chiiK'rj' for si»inning us well ns for weaving, and shows at one vi('w 
the two plans B, C, combined as one whole. In the front wing of 
this factory, just in the middle, is placed the steam-engine house ; the 
boilers for supplying steam, and the fuel economiser being imnn^di- 
atcly behind, ami if desired may bo entirely separah'd from the wdng 
by leavings free passage between the engine-house and boilers. There 
are two entrances on two sides of the engine-house ; one would 
answer the purpose, but tw'o would be better. At one end of the 
front Aving is the blowing-room for cleaning cotton, and at the other 
end is the mechanics’ shop, and staircase for going to the upper story 
over the front wring for raw cotton storeroom, oiBc(;s, &c. If preferred, 
instead of the upper story, two rooms may be built at tbe two ends of 
the front wing, one for storing rfiw' cotton, the other for offices. Two 
largo side wings are attached to the front wdng ; one contains the card- 
ing, drawing, slabbing, and roving frames and throsth's ; the other 
the self-acting mules. The back wing corresponding to the front 
wing, contains preparation machinery for weaAung, to which is con- 
nected two smaller wings filled with looms for weaving. The whole 
arrangement is such on plan D, that in spinning and weaving ono 
process will follow the other with regularity, till the raw cotton wrill 
come in the shape of finished cloth into the warehouse. 

Near the blowing-room is a fire-proof passage to the other wing, 
secured with iron doors, as requircjd by the insurance companies. The 
cleaned cotton formed into laps will be taken through the jiassage to 
the large wing, there to be carded, drawm, twisted, and spun on throstle 
machines, or otherwise spun in the self-acting mules in the wing oppo- 
site, where the bobbins will be carried down by a special contrivance to 
save manual labour. Between the throstle and mule spinning-rooms 
there is an intermediate wing where the yam^wiU beamed, 
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sized, and then passed to the two wings behind containing the looms 
for being woven. The finished cloth will be deposited in the adjoin- 
ing warehouse. 

At first sight it seems that this jdan D occupies a great deal of 
space ; but it does not, as the open yard in the centre is reserved for 
building one or two large reservoirs of water required for the; pur- 
pose of condensing steam, and for storing coals, &c. This factory, 
w'ith its projecting wings, wdth one story over the front wing, will 
also look far more imposing, possess even architectuial beauty without 
any additional cost, and occupy less space for its size than any of the 
cotton mills built as yet in Bombay. 

E. Tlan of Cotton Spinning and Weaving Mill erected in the Bombay 
Presidency, ilhiatratc's the principle on which all the cotton mills have 
been built there. It contains 4,752 throstle spindles, 5,184 mule spin- 
dles, and loO looms, with the other necessary preparation machinery for 
spinning jind weaving. The building is in lenj^^h 276 feet by 140 feet 
in breadth. Insidc) the building arc iron columns shown on plan in 

dots, about 20 feet one way, and 10 feet the other w’ay, fonning 

what is called a bay. The breadth of the mill being 148 feet, the light 
admitted from the side windows is quite insuffieient for the puiq^oso of 
working the nuiehinory. Hence for mills built on this principle it is 
absolutely necessary to d(‘rivo the necc'ssjiry 
light from a sei-ies of glass windows placed 
on the top of the roof, supported by girders 
resting on iron columns, the windows rnn- 
niiig right across the entire breadth of the 
mill on every alternate row of columns. 

Many thousand square feet of glass windows are thus required oven 
for a small mill. The iron columns being hollow, are used fi)r taking 
away the rain water from the gnttera, which run outside the mill b^ 
an undcrgivaind gutter. 

Tlie lieiglit of all mills, w here the machinery is on the ground floor, 
is genei-ally 10 feet from the floor line : where the brickwork or ma- 
sonry is cheax) it may exceed this by a few feet ; but that is quite arbi- 
trary. The subject of factory buildings is ti’oated of separately at 
page 290. 
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QUANTITY OF COTTON YARNS 

EXPORTED FROM GREAT BRITAIN TO INDIA AND CHINA.* 


To 

— 

1866. 

1865. 

1864. 

1863. 

1862. 

Bombay 

Madras 

Calcutta 

Siiij^apore 

Ceylon 

China 

lbs. 

3,761,021 

4,709,.54l 

11,404,079 

1.759,954 

782,376 

4,741,350 

lbs. 

.3,361,582 

2,381,229 

7,860,149 

1,297,300 

335,400 

1,078,208 

lbs. 

.5,765,996 

2,090,351 

8,481,515 

1,172,718 

176,.546 

1,961,813 

lbs. 

6,115,3.50 

3,957,747 

10,791,512 

1.991,936 

612,226 

2,251,151 

lbs. 

4,646,075 
l,663.9.5r» 
9, 681, .377 
1,593,371 
448,440 
3,214,059 

Total, includ'l 
ing other > 

countries. ) 


103,533,609 

75,738,845 

74,398,264 

93,225,890 


DECLARED VALUE OF COTTON YARNS 

EXPORTED FROM GREAT BRITAIN TO INDIA AND CHINA.* 


I 

1866, 

1865. 

1864. 

1863. 

1862. 

Bombay 

Madraa 

Calcutta 

Singapore 

Ceylon 

China 

£ 

381,807 

542,918 

1,244,938 

173,016 

82,933 

428,937 

£ 

359,536 

298,032 

824,981 

127,181 

34,941 

104,414 

£ 

741,608 

329,751 

1,119,664 

.i;30,790 

28,227 

241,930 

£ 

710,665 

631,743 

1,370,929 

213,231 

78,746 

239,251 

£ 

381,199 

157,933 

797,338 

99,389 

40,479 

183,963 

Total, includ- 1 
ing other > 

countries. ) 

13,700,404 

10,342,737 

9,096,209 

8,063,128 

6,202,240 


* From the Board of Trade ReturnB. 
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QUANTITY OF COTTON PIECE GOODS 

EXPORTETI FROM GREAT IIHITAIX TO INDIA AND CHINA.* 


To 

1866. 

1865. 

1864. 

1863. 

1862. 


Yards. 

If>5,:i41,732 

22,04:J,66H 

36H.4.')5,276 

59,422,703 

26.429,513 

188,610,971 

Yards. 

163,810,271 

18,934,880 

321,035,019 

43,217,688 

15,094,561 

126,160,887 

Yards. 

196,16.5,111 

14,190,874 

228,993.986 

24,980,447 

12,645.684 

73,462,152 

Yards. 

245.570,066 

18.4.38,591 

244,072.772 

29.060,076 

22.222.525 

46.454,793 

Yards. 

170,843,749 

10,058,058 

282,600,808 

32.726,886 

18,432.697 

80,636,465 



Singapore 

Cevion 

China 

Total, includ- i 
ing other ^ 

countries. ) 

2,.'i75,967,266 

1 

2,014,303,716 

1,748,927.590 

1,710,962,072 

1,681,391,600 


DECLAKKD VALUE OF COTTON GOODS 

EXrORTET) FROM GREAT BRITAIN TO INDIA AND CHINA.* 


To 

1866. 

1865. 

1864. 

1863. 

1862. 


£ 

£ 

£ 

£ 

£ 

Bombay 

3,005,234 

3,265,893 

4,72.3.182 

4,961,622 

2.504,698 

Madras 

491,829 

416,404 

407,371 

456,565 

1 89.529 

Calcutta 

7,138,941 

6,127,628 

5,149,227 

6.017,537 

4,4St,287 

Singn])ore 

1,331 ,808 

918,966 

653,357 

701,618 

667,488 

Cej'lon 

8.*«5,610 

.384,476 

413.6.36 

569,612 

310,538 

China 

4,420,168 

2,779,408 

2,010,025 

1,162, .505 

1,269,988 

Total, includ- 1 
ing other > 

57,829,410 

44,876,363 

43,887,387 

37,633,535 

23,562,466 

counti'ie.'i. 3 







* From the Board ot Trade Returns. 


EXPORT OF INDIAN MANUFACTURED GOODS TO 


FOREIGN COUNTRIES, 

In each of the Years ending 30th April. t 


Year. 

Value. 

Year. 

Value. 


£ 


£ 

1866 


1858 

.... 809,183 

1864 

1,167,677 

1857 

.... 882,241 

1863 

786,437 

1866 

.... 779,647 

1862 

748,386 

1866 

.... 8l7;i03 

1861 

786,567 

1854 

.... 769,345 

1860 

763,686 

1853 

.... 930,877 

1869 

813,604 

1852 

.... 819,049 


Stajartid^l^bBtract presented to Parliament in 1867. 
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From Messrs. an<1 Heywoml’s Circular. 
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BLEACHING AND FINISHING WORKS. 



INTRODUCTION. 

Bleaching is the process by which the impurities 
and colouring matters in grey goods, cotton, silk, 
or other textile fabrics, are removed, and the cloth 
rendered nearly or quite white. In India it has 
been practised from ancient times, as well as in Egypt 
and other countries, where lime, ashes of plants, or 
potash and other substances, are used for bleaching. 
At one time woven goods made in England were sent 
to Holland to be bleached ; where, after some prepara- 
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tory processes of boiling and washing, the goods were 
spread out on the grassy fields, and exposed to the 
action of air, light, and moisture, for several weeks. 
In India the process was, and is up to the present 
time, very laborious and tedious. In Europe several 
attempts have been made to find out substances by 
%rhioh bleaching could be done well, and in a short 
time. 

In 1785 it was discovered that a gas contained in 
common salt, called chlorme^ possesses the property of 
destroying vegetable colours. This was a triumph ; as 
by the application of this gas in bleaching, the work 
of several hands is reduced to a few ; what required 
weeks is now performed in a single day, or a few hours, 
and consequently done at a mere fraction of the fonner 
expense. But chlorine gas, being poisonous, had an 
injurious efiect upon the workpeople. A convenient 
method was soon, however, discovered of applying the 
gas in combination with lime, forming what is known 
by the name of bleaching powder, or chloride of lime. 
A solution of this is made in water ; the gas, being 
chemically combined with lime, remains in combination, 
and does not escape into the air : while, on the other 
hand, the combination of the gas with lime does not 
prevent it from operating upon goods. It is now ex- 
tensively employed for bleaching, and in conjunction 
with improved machinery for boiling and drying the 
goods, the whole process of bleaching is performed 
with the greatest ease and speed ; thus entirely doing 
away with the necessity for large plots of ground or 
fields, and for the great amount of labour required 
by the old and primitive process. 

There are several circumstances which interfeTip with 
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the whiteness of cotton and other goods. In spinning 
and weaving, the goods acquire certain impurities from 
the perspiration and dirt from the hands of the work- 
people. The fibres of cotton contain also a colouring 
matter naturally adhering to it, which gives to it the 
peculiar grey colour, but which seems to have no in- 
fluence in giving strength to the fibres ; for the cloth 
is found as strong after the discharge of the colouring 
matter as before. The fibres are also covered with a 
resinous substance which prevents them from readily 
absorbing water. There is also the size or starch used 
in the threads before weaving. These and other im- 
purities in the grey cloth are removed by the several 
processes in bleaching, now practised with success in 
most European countries. 

In Great Britain there are hundreds of calend^erSy 
whose business consists in finishing the goods after 
bleaching, and making the surface of the cloth com- 
pact, level, uniform, and glossy. This is cheaply and 
very expeditiously done by passing the cloth between 
heavj’’ rollers, in machines worked by steam. In 
India, down to the present time, a glossy appearance 
is given to the cloth by rubbing over the surface with 
a shell by hand, as hard as the force of the wrist can 
bear. It is a most costly and laborious process, and 
not fit to be practised even in a half-civilised country. 
Asia is still following the old process. The wisdom 
and philosophy of its people consist in doing exactly 
what their wise forefathers did before them centuries 
ago ! But it is neither wisdom nor philosophy ; it is 
downright foUy. 
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tory processes of boiling and washing, the goods were 
spread out on the grassy fields, and exposed to the 
action of air, light, and moisture, for several weeks. 
In India the process was, and is up to the present 
time, very laborious and tedious. In Europe several 
Htempts have been made to find out substances by 
vhich bleaching could be done well, and in a short 
time. 

In 1785 it was discovered that a gas contained in 
common salt, called chlorine^ possesses the property of 
destroying vegetable colours. This was a triumph ; as 
by the application of this gas in bleaching, tlie work 
of several hands is reduced to a few ; what required 
weeks is now performed in a single day, or a few hours, 
and consequently done at a mere fraction of the former 
expense. But chlorine gas, being poisonous, had an 
injurious effect upon the workpeople. A convenient 
method was soon, however, discovered of applying the 
gas in combination with lime, forming what is known 
by the name of bleaching powder^ or chloride of lime. 
A solution of this is made in water ; the gas, being 
chemically combined with lime, remains in combination, 
and does not escape into the air : while, on the other 
hand, the combination of the gas with lime does not 
prevent it from operating upon goods. It is now ex- 
tensively employed for bleaching, and in conjunction 
with improved machinery for boiling and drying the 
goods, the whole process of bleaching is performed 
with the greatest ease and speed ; thus entirely doing 
away with the necessity for large plots of ground or 
fields, and for the great amount of labour required 
by the old and primitive process. 

There are several circumstances which interfere with 



"bleaching and finishing works. 73 

4he whiteness of cotton and other goods. In spinning 
aiiiiweaving, the goods acquire certain impurities from 
the j^spiration and dirt from the hands of the work- 
people. The fibres of cotton contain also a colouring 
matter naturally adhering to it, which gives to it the 
peculiar grey colour, but which seems to have no in- 
fluence in giving strength to the fibres ; for the cloth 
is found as strong after the discharge of the colouring 
matter as before. The fibres are also covered with a 
resinous substance which prevents them from readily 
absorbing water. There is also the size or starch used 
in the threads before weaving. These and other im- 
purities in the grey cloth arc removed by the several 
processes in bleaching, now practised with success in 
most European countries. 

In Great Britain there are hundreds of calendercrSy 
whose business consists in finishing the goods after 
bleaching, and making the surface of the cloth com- 
pact, level, xmifonn, and glossy. This is cheaply and 
very expeditiously done by passing the cloth between 
heavy rollers, in machines worked by steam. In 
India, down to the present time, a glossy appearance 
is given to the cloth by rubbing over the surface with 
a shell by hand, as hard as the force of the wrist can 
bear. It is a most costly and laborious process, and 
not fit to be practised even in a half-civilised country. 
Asia is still following the old process. The wisdom 
and philosophy of its people consist in doing exactly 
what their wise forefathers did before them centuries 
ago ! But it is neither wisdom nor philosophy ; it is 
downright folly. 
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BLEACHING. 



PRACTICAL PROCESSES. 

(1.) Singeing . — ^The object is to remove the fibrous 
down or nap from the surface of the cloth, otherwise 
it will injure its appearance when finished. To facilitate 
subsequent operations, the pieces of cloth are first 
fastened together at the ends by a stitching machine, 
then wound upon a roll, and passed over a red-hot 
plate of copper in the singeing machine, at such a 
velocity that it singes or burns off the loose fibres 
but without injuring the cloth. Some goods ar% singed 
on one, and some on both sides. 
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(2.) Boiling in Keir , — To remove the grease the 
goods are boiled with lime, or other alkaline substances, 
in a keir or boiler, heated by means of steam pipes. 
It has contrivances to regulate the quantity of liquor ; 
to spread it over the cloth ; to ensure that the cloth 



does not rise so high over the solution as to endanger 
its working; and, if such were to happen, to check 
the steam at once. The quantity of lime employed is 
various, but the usual allowance is three per cent, of 
the weight of cloth. The action of the lime makes 
the goods look darker in colour than before. 

(ti.) Washing , — The machine for this process has a 
trough for water, and two wooden squeezing rolls. The 
cloth passes round the roller in water, and is then 
squeezed by the i:olls, which make 100 revolutions per 
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minute. In the machine there are pegs to guide and 
to regulate the tension of the cloth, weights and levers 
for giving the desired pressure, water taps, &c. The 



machine is capable of washing about 800 pieces of 
cloth, and requires 400 gallons of water per minute. 
Formerly dash-wheels were used for washing, but are 
now almost entirelv given up. 

(4.) C hemic ana Scouring Machine . — ^This is similar 
in most respects to the washing machine, the only 
difference being that the rolls are smaller. It is called 
chemic on account of some acid being used in solution 
with water for washing. The acid a^ts free j^lorine 
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gas from the chloride of lime, and removes the colour 
from the cloth. If it is not sufficiently white, the 
operations of washing are repeated more or less till the 



proper whiteness is obtained. After scouring or washing 
with acid, the cloth must be again washed as before. 

To give an idea of the vast capabilities of some washing 
machines, the following fact, mentioned by an eminent 
firm, has been cited : that their machine “ will wash 
12,000 yards per hour for all bleaching purposes, and 
yards for ^ kinds of dyeing purposes, and only 
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requiring the attention of a person of twelve or four- 
teen years of ago.” 

(5.) Squeezing Machine — This is used for discharg- 
ing the greater part of the liquid or water from the 
goods used in the process of bleaching. The white 
squeezer is the machine used for squeezing before the 
goods are dried. In some processes strong solutions 



of chemicals are used, but by improved machinery the 
cloth is passed froni one process to the other so rapidly 
that it has no injurious effect on the cloth. According 
to the^ class of goods to be bleached, the process of 
bleaching varies in details. 

Drying , — The goods are dried on this machine. 
It has more than ten cylinders heated with steam. It 
is furnished with vacuum valves, jan apparatus for 
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folding the cloth, &c. The cloth, when passed over 
from one cylinder to another, becomes quite dry, but 
not smooth. If the cloth is bleached for the purposes 
of printing, no further operation is required ; but if 
intended to be sold as white goods it is starched and 
glazed, to improve it in appearance and finish. 
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FINISHING. 



PRACTICAL PROCESSES. 

(1.) Mangling or Pressing. — The bleached goods 
requiring to be finished are passed through mangles, 
consisting of brass and cotton rolls alternately. The 
wrinkled cloth is dragged through a cistern of water, 
and passed between rollers forced together by levers to 
which considerable weight is attached, where it is 
mangled and pressed, and the surface flattened and 
equalised. It is next wound upon a roller to bo starched, 
which is the next process. Starching is sometimes 
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carried to great excess to increase the bulk, and deceive 
the purchaser as to the quality of the cloth. 

(2.) Starching and Drying . — The starching machine 
contains a trough for holding starch. A roller which 
dij)S into the starch lays it regularly and evenly on the 
cloth, while other rollers press out the superfluous por- 
tion. Flour paste is the substance usually employed, 



and sometimes fine porcelain clay is mixed with it. In 
some cases, the starch is mixed with blue, to heighten 
the effect. After this the cloth is dried by the drying 
machine, consisting of hollow copper cylinders, heated 
by steam, and is then stretched upon the stretching 
machine. 

(3.) Glazing or Calerdering . — ^Many kinds of goods re- 
quire glazing, for which purpose the cloth is first damped 
in a machine where a revolving brush throws water 
in a fine spray over it, after whi^ the cloth is passed 
through a calender, consisting of rollers, on which a 
very powerful pressure is brought to bear ; so that 




paper, &c., and require very nice workmanship in pre- 
puration. 

(i) Making up . — The cloth after being glazed by 
the calenders is folded into lengths and forms according 



to the different kinds of goods, or the particular market 
for which they are designed. . , 




>> 


INTRODUCTION. 

The art of dyeing has been practised from the most 
ancient times in the East Indies, Persia, China, Egypt, 
and Syria. In India, the mode of dyeing Turkey red, 
which is the most durable vegetable tint known, was 
first discovered. It was afterwards practised in other 
parts of Asia and Greece. In 1766 the French Govern- 
ment, convinced of its importance, published an account 
of the process. In England it was introduced in the 
eighteenth century, yhen a Turkey red dye-work was 
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first established in Manchester. About the same time 
a Frenchman introduced it into Glasgow, at which 
place the greater part of the Turkey red dyeing in Great 
Britain is still carried on. 

'When indigo, the most useful and substantial of all 
dyes, so largely produced in Bengal, was first introdued 
into Europe, it met with great opposition. It was con- 
sidered a dangerous drug, and called food for tfie deoil ; 
and by an Act of Parliament, passed in the reign of 
Queen Elizabeth, was ordered to be destroyed in every 
dye-house wherever it could be found. The use of log- 
wood as a dye was also prohibited till the reign of 
Charles the Second. But the absurd prejudices against 
indigo and logwood soon gave way. By the discovery 
of the properties of the different dye-drugs, and es- 
pecially by the knowledge of the modes in which the 
drugs combine with other substances, the art of dyeing 
has made very rapid progress ; so that the European 
dyer has it now in his power to produce a variety of 
tints of great depth, durability, and lustre. The recent 
application of chemistry has also shown that the dye- 
stuff formerly thrown away is available again to a great 
extent, by simply treating it with acids. But in India 
and other parts of Asia the art of dyeing is at a 
stand-still. The best means of extracting colouring 
principles, and the most effectual manner of applying 
them to cloth, as done in Europe, have not been yet 
introduced into a country where nature is so bountiful. 

The greater number of colouring matters employed 
in dyeing are derived from plants. They are soluble 
in water, — ^much more so in hot than in cold water, — 
and readily attach themselves to the cloth to be dyed ; 
but in washing with water the colour easily separates. 
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To unite the colour with the cloth another substance, 
termed mcrdcmt^ is applied, which po^esses the property 
of forming an insoluble compound with the colouring 
matter, thereby fixing the colour, which remains even 
after repeated washings in water. A mordant thus acts 
as a bond of union between the cloth to be dyed and the 
colouring matter. Common alum is an example of a 
mordant, and is extensively employed in dye-works for 
that purpose. The dye which is the product of combi- 
nation between the mordant and the colour is not always 
the natural colour of the drug, seeing th%ifc a great 
variety of colours are capable of being produce^ by 
varying the kind of mordant. For example : if a piece 
of cloth be impregnated with alumina, and then passed 
through madder solution, it acquires rose tint. In the 
same dye, with a solution of iron as mordant, the cloth 
becomes dark brown or even black. With another 
mordant, the infusion of madder yields a variety 
of tints between the most delicate pink and dark red. 

There are instances also where the dye drug in its 
natural colour is fixed fast within the fibres of the 
cloth. Amongst this class of dyes is indigo. It is not 
soluble in water, but by mixing it with lime, and de- 
priving it of part of its oxygen, it loses its colour, and 
becomes soluble in water. The cloth on being immersed 
in this solution, and afterwards exposed to air, im- 
bibes oxygen, the original colour is restored, and it 
becomes indigo-blue, forming a permanent dye on, the 
cloth. 

Dyeing Cotton Yams , — In dyeing cotton yarns, the 
yam is brought to the dye-house in bundles of ten 
pounds, and after banding, it is boiled in water until 
thoroughly wet, and each roll put upon a wooden roller. 
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If the colour to be dyed be dark — such as brown, black, 
purple, or deep blue, the yarn is now ready for the 
dyeing operation ; but if for light shades — such as pink, 
the yarn is bleached by boiling in bleaching solu- 
tion previous to being dyed. For blue no heat is 
required in the dyeing vats. Six vats constitute a set. 

During the operations of dyeing there are certain 
circumstances which have to be attended to in order to 
facilitate the processes. Thus with many colouring 



substances heat is necessary, not only for making tlu‘ 
solution, but also for its combination with the stuff or 
mordant. Decoctions of wood are always made in hot 
liquor. Colours dyed by munjeet or madder must be 
done at a boiling heat during the whole process, or no 
dye is effected- 

The permanence of colours is another important 
matter. The term fast colour ” is generally given to 
colours that will resist all ordinary washings. Some 
fast colours are immediately affected by acids or alkalies, 
but Turkey red is not. 

In Turkey red dyeing great excellence has been 
attained in Europe, shades being produced of great bril- 
liancy and fastness. The bleached yam is first soaked 
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in oil, then dipped in carbonate of soda, and exposed to 
the action of air and steam in a hot room. The yarn is 
passed next through a solution of nut-galls and a red 
mordant, successively, and is ready for dyeing, to effect 
which it is boiled for two or three hours in a vessel 
with madder root or munjeet. Lastly, the brilliancy of 
the colour is completed by boiling in soap solution. 
Fictitious Turkey reds are abundant in the market, and 
though approaching the genuine colour very closely, 
are unable to resist wear and washing. 

The wonderful progress which Turkey red dyeing has 
made with European appliances, and with the assistance 
of chemistry, as compared with the mode in which it 
was carried on for centuries in Asia, and still exten- 
sively practised, renders it impossible to deny that 
material advantages would result by introducing im- 
proved machinery for that purpose. The table of ship- 
ments of coloured yarns and cloth from Great Britain 
will show clearly how extensive is the field for adopting 
improved methods and improved machinery in Asia. 
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Some dyo-stuffs are yielded by nature in a state fit for 
immediate use, such as madder, logwood, sandalwood ; 
but indigo, litmus, &c., undergo a process of prepara- 
tion before being used for dyeing purposes. 

It was observed that some of the munjeet or madder 
grown near Avignon, in France, where it was introduced 
by a Mahomedan, from Persia (whose bronze statue, 
erected to perpetuate his memory, may bo seen on the 
top of the hill from the Avignon railway station), was 
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found inferior in its richness and brilliancy of colour. 
A chemical examination of the soil was made, and 
the result showed that the soil was deficient in lime in 
comparison with some of the best madder farms. A 
dressing of lime was given to the soil, and it was found 
that the crop of madder yielded was inferior to none. 
The value of the dye-stuff depends a good deal on the 
care bestowed on its cultivation. Owing to the judicious 
manner in wliich the Chinese safflower is cultivated 
and collected, it contains far more of the fine red 
colouring matter ; it is consequently worth four or five 
times as much as the best Bengal safflower. A short 
account of the principal dye-stuffs will not be out of 
place here. 

Catechu is the dried juice of the khair tree of Bom- 
bay and Bengal. Its application in some styles of 
dyeing and printing has been of the greatest service. 
It has allowed a scope of design and variety of colour- 
ing by using different mordants, which has done much 
to extend the use of printed goods. It is largely used 
to give various shades of brown and other lighter 
colours springing from it. Bengal catechu is in flattish 
round lumps of a light brown colour outside, but 
Bombay catechu, or Terra japonica^ is in square masses. 
Its colour is reddish brown, and it breaks unevenly. 

Cochineal^ employed for dyeing purposes, is a female 
insect feeding on nopal trees, where it remains fixed 
upon the sap till killed in hot water. There is only 
one male to about two hundred females. The season 
for rearing lasts seven months, during which the insects 
are collected three times by being brushed from the 
plant. They are then spread out, dried, and packed 
for the market. Cochineal is one of the most expen- 
sive dye drugs. It is easily soluble, and easily ex- 
tracted by boiling the insects. The colours which arc 
derived are red, pink, scarlet, and crimson. 

Gall Nut is a valuable dyeing material. It is pro- 
duced originally by the pimcture of a little insect on 
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the branches of the tree to deposit its egg. The juice 
of the tree collects round the egg, and hardening, forms 
the gall nut, which contains from 50 to 70 per cent, 
of tannic acid, valuable in dyeing black colour. 8umach 
and logwood are used for the same purpose. 

Indigo is an important dyeing material, and is de- 
rived from plants. India produces nearly four-fifths 
of all the indigo consumed in the civilised world. The 
best quality from Bengal fetches from three to four 
times the price of the lowest quality. Tlie method of 
dyeing in this colour is very simple ; and all the styles 
of work produced are cheap and low class. It possesses 
extraordinary stability, and therefore its chief con- 
sumption is among the poor classes. It seldom enters 
into high class work. The finest qualities of indigo 
in Great Britain are obtained from Bengal. Thousands 
of maunds are exported from Bengal every year, made 
in Jessore and Kishnaghaur. That made in Tyroot, 
Oude, and Benares, is , inferior in quality to Bengal. 
There are four qualities of Bengal indigo, which by 
passing over into one another produce a number of in- 
termediate colours. The Madras indigo is more light 
and friable than Bengal. When cotton goods are to 
be dyed of a unifoim blue, neither bleaching nor wash- 
ing is at all necessary. The size in the unbleached 
goods rather facilitates the dyeing process, in which a 
peculiar roller apparatus is employed. 

Lac-dye yields the same colours as cochineal, and is 
prepared in India from a resinous substance which 
exudes from certain plants by the puncture of the insect, 
and which is called stick-lac. The tinctorial principle 
of lac is made by evaporating the infusion to dryness, 
and forming the residue into cakes. It is imported into 
Great Britain in two forms, called lac-lake and lac- 
dye, which contain about 60 per cent, of colouring 
matter. 

Logwood , — ^The colouring principle is red, but it also 
forms a variety of shades between light purple and 
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black. The long pieces are rasped or cut by machinery 
in the dye-house into small fragments fit for extracting 
the colour. It is extensively used in black dye, as its 
cost is less in England than that of galls, which give 
the best and firmest colours. 

Safflower is the flower of a plant growing in India 
and other warm climates. It contains two colouring 
matters, one worthless for dyeing, the other useful for 
a fine red colour. It is largely employed for dyeing 
cotton and silk. Safllower possesses the remarkable 
and exceptional property of fixing itself readily and 
firmly on cotton, without the intervention of a mordant. 

Myrobalsam is the fruit of a tree which grows in 
India, and is used in that country in dyeing, as a sub- 
stitute for galls and sumach, and also for the same 
[)urpose in Imrope. It is exported from Bombay in 
large quantities. 

Madder^ or munjeet, is sometimes known as Bombay 
rootSy and grows in many parts of the world. It is 
most extensively used in dyeing and printing of cotton 
goods for the production of a permanent bright red 
colour. A form of madder containing more colouring 
matter than the natural root is prepared, and called by 
the name of garandne. The chief colours obtained 
from madder, l)C8idcs Turkey red, are madder purple, 
madder pink, purplish black, and various shades of 
brown. 
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ESTIMATES FOR BLEACH AND FINISHING WORKS. 

Machinery for Bleach^homcy as shown on Pla.n F. 

1 Singe stove, copper singe plates, rollei’S, framing, complete . 96 

1 pair wrought-iron keirs, with cover, pipes, valves, compl(‘te. 

1 washing machine, with 2 rolls, complete. 2 pairs of 
squeezers, with rolls, complete. 1 chemic machine, wnth 
trough rollers, complete. Top gearing and winches, for 


drawing from one machine to the other 374 

1 Drying machine, with steam cylinders, pressure guage, safety- 

valves, taps, stands, troughs, complete . . . .168 

6 Steam-engines, with governor, valves, and gearing, complete, 
for driving all the above machinery ; boiler, pipes, valves, 
and taps for bleach-house ; and packing and free delivery on 
board 665 


£1,303 


Machinery for Finishing Works^ as shown on Plan F. 

£ 

2 Water mangles, 6 and 3 rolls, brass spreading-rollers, double 

arrangement of levers, wanning cylinder, complete 1,135 

2 Starching mangles, brass rolls, &c., complete. 1 patent stretch- 
ing machine, with batching apjiaratus, &c. 1 stretching 

machine. 1 damping machine ; 1 conroy, complete . . 695 

1 Finishing calender, with 5 rolls, with double batching ar- 
rangements, complete 455 

7 Steam-engines, with governor, valves, and gearing, complete, 

for driving the above machines 600 

1 Hydraulic press, ram 10", with set of pumps, boiler, feed pump, 
blowing fan, heating cylinder, &c. ; including packing and 
free delivery on boara a vessel 750 


£3,635 
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ESTIMATE FOR DYE HOUSE. 

Machinery as shown on Plan F. 

£ 

2 Welting cisterns, drawing rollers, fittings, &c. 8 iron jiggers, 
with reversing rollers, complete. 6 indigo vats. 3 ash 
vats, with rollers, including steam-engines for driving, com- 
plete 760 

1 Padding machine, with 2 brass rolls, including steam-engine 

for driving, &c., complete 90 

2 Drying machines, with steam cylinders. 2 mangles, including 

2 steam-engines for driving, complete .... 532 
Hasp for cutting dye-w'ood, with sets of knives, complete. 6 mills 
for grinding indigo ; grindstone, with frame, &c. 2 steam- 
engines for driving, complete. Boiler for supplying steam, 
complete; including packing and free delivery' on board a 
vessel 577 

£1,949 


DIMENSIONS OF BLEACHING, DYEING AND FINISHING 
WORKS. 

Machinet'y as shown on Plan F. 

Scale, 33 feet = 1 inch. 



Length, 

feet. 

Breadth, 

feet. 

Square 

feet. 

Height, 

feet. 

Cubic 

feet. 

Bleach house, with i 
grey room . . j 

74 

48 

3,552 

14 

49,728 

White room . . 

31 

53 

1,643 

14 

23,002 

Starch hoij^ . . 

22 

18 

396 

10 

3,960 

Finishing room 

100 

53 

S,300 

14 

74,200 

Drying room . . 

130 

31 

4,030 

30 

120,900 

Dye house, &c. 

100 

48 

4,800 

14 

67,200 

Rasp house . . . 

48 

37 

1,776 

14 

24,864 

Warehouse, &c. ^ . 

131 

28 

3,668 

15 

55,020 

Singe and boiler 
house . • 3 

60 

1 28 

I 

1,680 

10 

16,800 

Total of square feet apd cubic feet 

26,845 


435,674 
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REMARKS ON BLEACH, FINISHING, AND 
DYE WORKS. 

MACHINERY AS SHOWN ON PLAN Y, 

Pi.AN F, for Bleach, Finish, and Dye works, is so 
arranged that each of the three departments may be 
separated and made complete by itself if desired ; or 
the three departments, so intimately connected with 
each other, may be combined as one whole, as shown 
on plan — forming complete works for bleaching, dye- 
ing, and finishing goods at the same place. This 
would be preferable. 

The bleach house is adapted to bleach more than tjvo 
thousand Jive hundred pieces of twenty yards each pci' 
week. In bleaching, the length of the piece is of more 
importance than its weight, and it is by the length 
that the quantity that could be bleached is always cal- 
culated, and not by its weight. 

The cost of bleaching in England, including profits 
of the bleacher, &c., is from eight to ten pence per 
piece of 38 yards, according to finish and, width of 
cloth. 

In the dye house, as shown on the same plan, one 
set of six indigo vats will dye fifteen pieces of fifty 
yards each per day, of the best genuine indigo blue ; 
or double that quantity of medium quality, topped with 
Prussian blue ; or ninety pieces of common topped blue, 
topped with logwood. In facy dyeing, two jiggers 
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will dye twenty pieces per hour of slate, drab, or lead 
colour ; or forty pieces of black, brown, &c. In fact, 
the quantity that can be dyed will depend on the 
quality and the style of colour. 

Dyeing in indigo blue and other colours is exten- 
sivety practised in India ; and it will be seen from the 
tables that large quantities of coloured yarn and cloth 
are shipped every year from Great Britain to India and 
China. There is ample room, therefore, for introducing 
improved machinery for dyeing purposes, as the stufis 
used for dyeing are produced in large quantities in 
almost all parts of Asia. 

The finishing room on Plan F, for starching and 
glazing the piece-goods, is so adapted as to finish the 
goods that may be either dyed or bleached in the bleach 
or dye house shown on same plan. 

The cost of machinery for bleaching, dyeing, and 
finishing, including packing and free delivery on board, 
will not be more than £7,000, exclusive of freight, cost 
of buildings, &c. The total cost of the works complete, 
with reservoirs of water, will probably amount to about 
£17,500. 

Bleaching, as well as dyeing, is intimately connected 
with calico-printing y so further remarks will be made 
under that head. 
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QUANTITY OF DYE-STUFFS IMPORTED INTO 
GREAT RIUTAIN.* 



1866. 

1866. 

1864. 

ia«)3. 

1862. 

, Indigo cwts. 

Madder Roots „ 

' Logwood tons 

1 Cochineal lAvts. 

Cutcli tuns 

Terra Jayonica „ 

Shumao „ 

Valonia „ 

74,256 

34o,t»r>2 

:m,960 

30,721 

20, 

2,431 

12,846 

11,862 

66,606 

237,:i52 

26.817 

21,260 

19,702 

2,120 

13,.688 

10,015 

76,211 

314,926 

41,626 

23,396 

22,673 

2,980 

12,292 

11,143 

85,305 

355,681 

38,401 

26,120 

3.V511 

2,020 

12,807 

19,091 

69,689 

299,873 

41,257 

22,760 

29,720 

2,069 

13,819 

11,125 


VALUE OF INDIGO AND OTHER DYES EXPORTED FROM 
INDIA TO GREAT BRlTAIN.f 


Year. 

Indigo. 

Other Dyes. 

Total Weight. 

Total Value. 


JE 

£ 

U>s. 

£ 

1865 

1,860,1-41 

80,:i54 

1,916,49.) 

1,91(»,49.5 

1861 

1,756,168 

93,788 

1,8 19,916 

1,819,916 

1863 

2,126, .‘'70 

80,287 

21,721,1.52 

2,207,105 

1862 

1,617,503 

112,911 

17,472,130 

1,760,411 

1861 

1,886,525 

203,042 

25.2; 1,111 

•/ ,089,567 

1860 

2,021,288 

114,486 

29,746,194 

2,185,773 

1859 

2,118,016 

121,279 

26,709,126 

2,239,295 

1858 

1,734,399 

123,123 

23,:K)5,959 

1,857,462 

18.57 

1,9.17,907 

87,151 

14,062,281 

2,025,058 

18.56 

2,124,332 

58,991 

19,633,161 

2,483,233 

1855 

1,701,825 

116,427 

14,866,473 

1,817,251 

1854 

2,167,769 

113,518 

19.219,817 

2,182,288 

1863 

1,809,685 

1(X>,5.>9 

16,151,261 

1,909,119 

1852 

2,025,313 

98,919 

18,.'»63,519 

2,123,7.13 

1851 

1,980,896 

102,431 

17,397,933 

2,083,335 

; 1850 

1 1,838,474 

68,891 

16,066,653 

1,907,021 


EXPORT OF COLOURED PIECE GOODS FROM GREAT 
BRITAIN TO INDIA AND CIIINA.J 


Year. 

Madras and 
Calcutta. 

Bombay. 

China. 


Yards. 

Yards. 

Yards. 


53,240,390 

32,101,829 

22,839, i;i0 

1865 

55,892,289 

32,763,232 

9,254,607 

1864 

46,468,212 

36,222,728 

11,225,982 

1863 

40,476,360 

43,692,979 

12,139,413 

1862 

51,046,983 

27,887,453 

10,789,805 

1861 

62,09.3,760 

38,916,737 

17,9.*<1,619 

1860 

48,450,8.30 

4.3,251,624 

25,620,787 

1859 

60,1.53,829 

! 37,887,090 

14,755,082 

1858 

35.339,712 

1 46,344,326 

18,071,:i54 

1867 

38,824,224 

24.176,150 

14,308,353 


* From Board of Trade Returns. t From Statistical Abstracts. 

t From Messrs. George Fraser, Son, & Co. s Circular. 
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INTRODUCTION. 

Calico Printing is the art of producing chintzes or 
other coloured patterns on cotton cloth, by printing in 
colours, or mordants, which become colours when sub- 
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sequently dyed. India is the birthplace of this art, 
which derives its name from Calicut, a seaport town on 
the Malabar coast, where foimerly the art was carried 
on extensively ; and large quantities of printed cottons 
were exported to Europe from that place by the Dutch 
and East India Companies. But in England, at one 
time, a class of people were so jealous of Indian chintzes 
that an Act was passed hy Parliament prohibiting the 
introduction of the beautiful prints of India ; this re- 
striction “ prevented the British ladies from attiring in 
the becoming drapery of Ilindostan.” This Act Avas 
intended to prote(it the English wool and silk manufac- 
turers from the competition of Indian goods. But the 
English became accustomed to the use of printed calicoes 
and chintzes ; and thus gradually a trade was estab- 
lished in England by printing on plain Indian calicoes, 
Avhich were up to that time admitted under a duty. In 
1712 the printing business which was first introduced 
from India became rather extensive, so an excise duty 
of threepence per square yard was levied; but this 
duty retarded, and in many ways prevented, the pro- 
gress of the art in Great Britain ; so, after a short time, 
it was quite repealed. 

In India, for bandana handkerchiefs, the method 
practised from time immemorial is to bind firmly with 
thread all spots on the cloth to be protected from the 
dye, and to remain white, while the rest of the cloth is 
subjected to dyeing operations. This most laborious 
process was improved in Europe in 1811 by employing 
a series of presses worked by steam, and bringing a 
strong pressure on an engraved metal plate, which con- 
tains holes, through which lemon juice or citric acid is 
made to pass, which dissolves the colour of the cloth 
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immediately. In this simple manner, by connecting a 
series of presses, 1600 pieces of 12 yards each are con- 
verted into bandanas in the short space of ten hours 
by the labour of four workmen only. Thus the Indian 
style has not only been copied, but far surpassed in 
cheapness, by the Europeans, with the aid of chemistry 
and machinery. 

The Jirt of printing calicoes has been improved 
steadily in Great Britain from time to time. The chief 
improvement was the invention of the cylinder or 
roller printing-machine, which has almost entirely 
superseded the hand block-printing process. Printing 
by the cylinder-machine is executed, not only with 
greater accuracy than by the wooden hand-block as 
prac*.tisod in India up to this day, but with an almost 
incredible saving of time and labour. A single machine, 
with one man to regulate the engraved pattern-rollers, 
is capable of printing as many pieces as two hundred 
men could do with the hand-block in the same time. 
A length of calico equal to one mile has been printed 
with four different colours in one hour, or twenty-eight 
yards in one minute. 

It has been estimated that one-seventh of all the 
cotton spun and manufactured is devoted to printing. 

Owing to the great improvements in machinery, and 
the discovery of new colouring matters, with the modes 
of fixing them fast on the cloth, print-works have now 
been established all over Europe. The reduction in 
price of cotton prints within the last fifty years is a 
striking illustration of the advancement which has been 
made in Europe in calico printing. England has by 
far the largest portion of this trade, and especially the 
export trade. America produces next in quantity to 
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England. France and Switzerland next to America in 
quantity, but far superior in quality. Austria and 
Bohemia also produce for their own markets. Tlolland, 
Belgium, Itussia, Naples, and even such poor countries 
as Spain and Portugal, have their print-works, where 
the most improved machinery is applied to the pro- 
duction of printed goods. 

But India, where the art of calico-printing first 
originated, and which used to export printed goods to 
Europe — that country has almost lost her occupation. 
And why ? The art remained in the same state from 
generation to generation. With shame it must be told 
that up to this time the old process of printing is still 
entirely followed, without the least improvement. In a 
country embracing an area of thousands of square miles, 
with a demand for printed goods, with plants producing 
beautiful dyes, not a solitary work has been established 
as yet to print goods with the improved machines — 
notwithstanding that a moderate capital will suffice for 
a complete calico print- work. India is poor even with 
a rich and fertile soil, and will remain so as long as 
she depends entirely on agriculture, and (with other 
requisite changes) improved machinery for manufac- 
turing is not introduced. 
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VRACTICAl, PROCESSKS. 

Cylmder-Printing Machim . — ^The cloth to be printed 
is first bleached, then wound in -rolls by a machine 
called a condroy, on wooden beams, and brought to the 
cylinder-printing machine, where the cloth is printed 
in one, two, three, four, or sometimes as many as 
twenty colours at the same time. The pattern is 
engraved on small copper tubes or rollers, which 
are placed round a large drum of the calico-printing 
machine. Below each engraved cylinder is a clothed 
wood roller which partly <Sps in a trough con tainin g a 
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thickened colour or mordant. As the drum revolves, 
the colour is rubbed by pressure into the engraved 
parts of the cylinder. The calico is first carried round 
the main drum, which is covered with felt, and passes 
underneath each engraved cylinder, which presses the 
design on the cloth, as it passes from one roller to the 
other. The different parts of the pattern falling in 
their exact places, a proper effect is 23roduced. 

The excess of colour is scraj)ed off from each en- 
graved roller by a self-acting sharj) knife called a doctor, 
which is so arranged that the scraped colour falls back 

again into the colour-box 
attached to each roller. 
There is also another ar- 
rangement in the machine 
by which the fibres acquired 
by the rollers from the calico 
in the process of i)rinting 
are removed. A pit'cc oiP 
twenty-eight yards long is 
usually drawn throiigli in 
about two minutes and con- 
ducted to the ageing room. 
Engraved Pattern Rollers 
arc now engraved by machinery. For that jniriioso 
the roller of brass is first coated with vaniish; 
then put in a machine, where the roller is made to 
revolve slowly ; and the pattern is traced on it by a 
diamond point. After having been etched on the whole 



surface, the roller is placed in dilute nitric acid, which 
dissolves and deepens the luies exposed by the removal 
of the varnish — the parts covered by varnish remaining 
unacted on. There is another method, but not ai)pli- 
cable to all descriptions of engraving. The j^attern is 
first enlarged by the camera, and traced on paper in a 
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dark room ; then transferred to a zinc plate^ and laid 
on the curved bed of the pantograph machine. 

These engraved rollers weigh from 80 to 120 lbs. 
each. 

Colour- Ilmise . — In calico printing, the colouring 
matter, or the mordant, in order to prevent it from 
running or extending beyond the proper limits of the 



design, is thickened with wheat-starch, flour, or gum. 
In the colour-house a range of copper pans ar^*;;.^tted 
with steam and water pipes, and the colour^^^|S.gi- 
tated or stirred by machinery, which wasV^J^J®erly 
done by manual labour with flat sticks. Only steam- 
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heating being used, any amount of heat required is 
applied at pleasure by turning on the steam pipes. The 
process of boiling and cooling is rapid and very certain, 
and saves a good deal of time and labour. 

Ageing Room , — The pieces, after being printed, are 
dried in the drying machine and then exposed to the 
action of the air in a large spacious room, kept at an 
equable temperature, called the ageing room. The 1 ime 
of exposure varies according to the style of the work. 



In this room, colours printed on the cloth undergo a 
change, and become attached to the fibres. In coun- 
tries where the air in summer is very dry, the ageing 
room is near or over a reservoir of water, with open 
boarding for a floor, to admit the watery vapour. 

Dunging , — Although in the ageing room the colours 
combine with the cloth, a quantity of superfluous 
matter’ remains deposited. Foimerly this was removed 
by passing the dried cloth through a warm solution of 
cow dung and water. The superfluous matter combined 
with the dung, and the cloth was made fit to receive 
dyes. Dung being very objectionable for obvious 
reasons, substitutes for it are now used, prepared from 
bones. In the dung-cistems, as they are still called 
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(though no dung is used), fifty or sixty pieces are 
passed per hour, and on leaving, well rinsed in water, 
then washed in the washing machines. They are now 
to be exposed to the infusion of the dye stuff. 

or vessels for dj'’eing, are now constructed 
of iron for madder work. In the middle of the dye 



beck is placed a wince or reel ; this is set in motion, 
steam is turned on, by which means the dye stuff solu- 
tion becomes heated, while the pieces continually re- 
volve with the reel so as to bring each portion succes- 
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sively into the air, agitating the dyeing matters at the 
same time. When the dyeing is finished, the pieces 
arc put into the washing machines two or three times. 
With this arrangement five workmen do all the work, 
which CA^cn a hundred hands formerly could not man- 
age to do. 

Clearing and Finishing, — Madder goods generally 
are cleared with soap in a beck similar to the dye beck, 
then washed and dried. The cloth is then taken to the 



finishing room, where, after passing through a starching 
machine, it is dried by the steam-drying cylinder ma- 
chine, and made smooth by glazing in the calender, so 
that it has the appearance of having been ironed. 
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Madder Style , — The styles of calico printing are 
numerous, and require somewhat different processes. 
But the most important and the most extensively prac- 
tised, forming the bulk of the cotton prints, is the 
madder style. It derives its name from being chfefly 
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practised with madder or miinjeet. Not only does it 
yield a great number of beautiful shades of colour, but 
they are all of the utmost degree of permanency, — fast 
colours, resisting wear, friction, and washing. In this 
style the thickened mordants arc printed on cloth ; the 
cloth is dried, and then conducted to the ngeimj room, 
where a chemical change takes place; the undecom- 
posed mordant which remains on the cloth is separated, 
and the thickening paste is removed by passing it 
through a solution of dung-substitutes, with which it 
combines. It is thenw'ashed in water in the washing- 
machine, and exposed to the dyeing becks, containing 
colouring liquor, and washed again in water. Tlic next 
process is tlio clearing,’^ or removing the excess of the 
colouring matter loosely attached, either by rinsing in 
clean water, soapy water, or lime water, and then giving 
a finish to the cloth. An endless variety of tints is 
obtained trom the same madder beck containing the 
colouring liquor, by mixtures of diftcrent mordants in 
difierent proportions, applied to the cloth in the printing 
machine by engraved rollers ; and thus, from the same 
colouring liquor, from red to chocolate, all shades of 
lilac and purple, up to black, violet, and purple, are 
obtained. 

fridigo or Resist Style , — This is second in importance 
to the madder style, and indeed hardly second, though 
its appearance is common and unattractive. In this 
style a resist paste is printed on white calico, which is 
then dipped in the indigo vat till the shade of blue 
wanted is obtained. The resist having the property of 
preventing the indigo fixing on the printed parts, the 
result is, dark blue ground with white. China bhte is 
a modification of the indigo blue style ; the pattern is 
introduced by indigo colours print^ on white cloth ; 
the pieces are next passed to a process which fixes 
the indigo on the cloth. 

Padding Style is applicable for mineral colours. The 
calico is first passed into a padding machine, which is 
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similar to the starching machine, only the trough con- 
tains thickened colour instead of starch. Different 
coloured figures are aftei*wards raised by the topical 
application of other mordants, joined to the action of 
the dye bath. To produce a design in a mineral 
colouring matter, the cloth is printed with one saline 
solution, and afterwards padded uniformly with the 
other, or otherwise rinsed in the ordinary w'ay. 

iyischar<jc or Bandana Stijlo , — The cloth is first 
dyed, and then placed in a hydi*ostatic press, covered 
witli a perforated engraved metal plate. Strong pressure 
being applied by machinery, a solution of lemon juice, 
or some otlicr substance, is allowed to penetrate below 
the perforations, and the colour is immediately destroyed. 
It is in this style of work the celebrated Indian ban- 
dana handkerchiefs, with white figures on a dark ground, 
haA'c been imitated, principally in Glasgow. This in- 
genious process was only invented in 1811, in Europe. 
The method practised in India (as already indicated) is 
by binding firml}' with thread those sjDots of the cloth 
which are to I’emain white or yellow, while the rest is 
subjected to dyeing operations. 

Topical and Steam Colour Style is largely employed 
in producing furniture prints, and so called because in 
this style the application of the thickened colours is 
applied t()pieally, or mixed with the mordant when any 
is required, in a state fit to penetrate to the interior of 
the fibre. After the cloth is dried, the colouring matter 
is fixed fasty either by exposure to air or by the action 
of steam ; and the operations of dunging, dyeing, and 
clearing are omitted. When the cloth is removed, after 
the steaming process, it is soft ; but on exposure to 
air for a few seconds only, the thickeners solidify, and 
are separated by a gentle wash. 
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DIMENSIONS OF CALICO PRINT WORKS. 

Machinery as ihown on Plan G. 

Scjilc, 33 feet = 1 inch. 



Length, 

l‘eet. 

Breadth, 

feet. 

Square 

feet. 

Heijjht, 

feet. 

Cubic 

feet. 

Groy-room . . . 

41 

33 

1,363 

U 

18,942 

Blcjich-housc, &c. . 

88 

45 

3,960 

14 

55,440 

Wliite-rooui . . . 

46 

45 

2,070 

14 

28,980 

Engravinfj-room 

32 

45 

1,440 

14 

20,160 

I’rmtiiig-rooin . . 

63 

45 

2,835 

14 

39,690 

Roller-room I .S 

46 

32 

1,472 

42 

61,824 

Drug-room, &c. j ^ 

61 

45 

2,745 

42 

115,290 

Colour mixing-room 

60 

18 

1,080 

12 

12,960 

IMaddcr dyf3-room . 

81 

47 

3,807 

14 

53,298 

Fiiiishiiig-rooiii . . 

61 1 

39 

2,379 

14 

33,306 

Warehouse . , . 

67 

39 

2,223 

14 

31,122 

Officiis 

39 

33 

1,287 

14 

18,014 

Entranco .... 

20 

33 

660 

14 

9,240 

Steaming-house, &c. 

42 

51 

2,142 

14 

29,988 

Total of square feet and cubic feet 

294,53 


528,254 
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D13IENSIONS OF CALICO PRINT WORKS. 


Machinery oh shown on Plan G. 
Sciilo, 33 feet = 1 inch. 



Length, 

feet. 

Breadth, 

feet. 

Square 

feet. 

Height, 

teet. 

Cubic 

feet. 

(h'oy-room . . . 

41 

33 

1,353 

14 

18,942 

JJli‘ueli-houac‘, &e. . 

88 

45 

3,960 

14 

55,440 

Wliite-rooin . . . 

46 

45 

2,070 

14 

28,980 

Eiip:ravinff-ro<)m 

32 

45 

1,440 

14 

20,160 

Printing-room . . 

63 

45 

2,830 

14 

39,690 

Roller-room \ .S 

46 

32 

1,472 

42 

61,824 

Drug-room, &c. j ^ 

61 

45 

2,745 

42 

115,290 

Colour mixing-room 

60 

18 

1,080 

12 

12,960 

Muddei* dye-room . 

81 

47 

3,807 

14 

53,298 

Fijiishing-room . . 

6-1 

39 

2,379 

14 

33,306 

Warehouse . . . 

57 

39 

2,223 

14 

31,122 

Offices 

39 

33 

1,287 

14 

18,014 

Entrance .... 

20 

33 

660 

14 

9,240 

Steamiiig-housc, &c. 

42 

51 

2,142 

14 

29,988 

Total of sqmue feet and cubic feet 

294,53 


528,254 
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REMxiJlKS ON CALICO PRINT WORKS. 

MACHIXEKY AS SHOWN ON PLAN G. 

Pj.AN G shows the arrangement of machinery for 
calico print works, including also the necessary ma- 
chinery connected with it for bleaching, dyeing, and 
finishing about seventy thousand yards of cloth per week. 

The whole plan is so arranged that one process will 
follow another without any unnecessary loss of time or 
labour. On the right-hand side of the main entrance 
is a room for grey cloth, opening into the bleach house ; 
after the cloth is bleached, it will be taken to the ealico 
print room, opening int<3 the colour mixing shoj), the 
engraved roller room, and the room for engraving the 
designs on rollers. The cloth, being printed by the 
cylinder printing machines, dried, and “aged,’’ will be 
taken to the madder dye house to bo dyed, and then 
to the finishing room ; next to this is the warehouse, 
which communicates with the offices. 

The four calico-printing machines for printing in 
one, three, four, and six colours respectively at the 
same time, as well as the other machinery shown on 
plan, are all driven by small steam-engines, one at- 
tached to each machine, which system is preferred and 
adopted in almost all modem calico print works in 
England and Scotland. It works more smoothly, it^ 
does not require heavy shafting, and the engines arc 
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under tlie direct control of the workman, and very 
easily regulated. 

The eiigravcd copper rollers of patterns generally 
weigh about 120 lbs each, the price of which varies 
according to the price of copper and the design to be 
engraved ; but on an average each engraved roller will 
cost about £7. Machinery for engraving rollers is also 
included in the estimate, as well as the cost of one 
hundred engraved rollers, which number will be suffi- 
cient for starting the works, as fashions do not change 
so frequently in India and other parts of Asia as in 
Europe. 

In calico printing, the madder stjdo being the most 
important and most extensively practised, Plan G has 
been especially adapted more for that style of printing 
than any other ; while in the arrangement shown on 
Plan F, in the dye-house department, the machinery 
is suitable for indigo dyeing, which stylo is also ex- 
tensively practised, and is hardly second in importance 
to the madder style. 

It is of great importance that works for bleaching, 
d 3 ^eing, and printing should be erected where pure soft 
water may be had in abundance. If the water is not 
pure it imparts a tinge to the goods, and occasions also 
a loss of dj^e-stuff. In some very large works in Eng- 
land, where the quantity of water consumed daily 
amounts to 600,000 gallons, the water is made pure by 
mixing with it the refuse of the madder dye-pans, 
which combines with the impurities of the water in an 
insoluble form, and by allowing it to settle in large 
reservoirs and then passing through beds of gravel, 
water is obtained clear and fit for use, Eain-water 
and water from wells is generally better adapted than 
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river water. There are simple methods of rendering 
hard impure water well adapted for dyeing purposes. 

The bleaching necessary for printing calicoes is 
more complete than that which will suffice for calicoes 
intended to be sold in the white state; because the 
whiter the cloth is, the more light it reflects from the 
surface, and the colours of the dyes appear more bril- 
liant. The different styles of calico printing have been 
described already in a former page. 

In consequence of the great increase in price of gum 
arabic, arising from its extensive employment in calico 
printing, a great variety of artificial gums are now pre- 
pared from sago, rice, and wheaten flour, for thickening 
the colours, or mordants, used in printing. Wheaten 
flour, when heated, generally bears the name of British 
gum. 

The cost of the calico printing machinery, complete, 
as shown on plan, including freight, will amount to 
about £10,000. The cost of the buildings, &c. may be 
reckoned from the dimensions of the plan, which con- 
sists of four wings, lighted from side window's — with 
the boiler, steaming house, and mechanics’ shop placed 
separately in the yard by itself. The total cost of the 
whole print-works complete, ready for working, may be 
safely calculated under £25,000. 



JUTE MA2JUPACTURES. 



INTRODtrCTlON. 

Jute is tho material of which gunny bags and gunny 
cloth, bagging for cotton, carpets, and such other 
abrics, are made. In India, jute manufactures must 
be placed next in importance to cotton, on account of 
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the large consumption both in India and in other 
foreign countries, and also because the demand will 
probably continue in every market of the world. 

The jute plant is most extensively cultivated in 
Bengal. Its culture is easy, the growth rapid, and the 
production comparatively large. The crop, v hen ripe, 
is cut down close to the roots, and after being steeped 
in water for a week or longer, the bark separates easily, 
and the silky fibre is detached, cleaned, assorted, and if 
intended ' for export to Europe, is pressed into bales 
containing 300 lbs. each. The annual 2 )roduetion of 
jute in India is now more than 300,000 tons. 

Various coarse fabrics are made from jute in Bengal, 
known as ijunnies and gunny bagging^ of which whole 
cargoes, amounting to tons of thousands of pieces, are 
annualty taken by the Americans as a cotton-bale 
material, in lengths of about 30 yards, weighing about 
6 pounds each. As it takes about 6 yards for wrapping 
every bale of cotton, a crop of 3,000,000 bales will 
require 18,000,000 yards of bagging, and one-tliird of 
this supply is exported to America from Bengal. In 
some years as much as 270,000 tons of manufactured 
bagging have been shipped from India to foreign 
countries. 

In Bengal, jute has hitherto been worked by very 
rude processes, and made into cloth, and has formed the 
grand domestic manufacture for hundreds of years. In 
Great Britain it has only been known within the last 
quarter of a century. Machinery worked by steam has 
been appKed, as in cotton goods, to spin and weave 
jute, whereby the production has been largely increased. 
Owing to the raw material being very cheap, combined 
with a considerable amount ojj spinning quality, and 
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the smooth appearance of jute cloth made by improved 
machinery, this manufacture has made rapid progress 
in Great Britain, continues daily to increase, and has 
been extended in a short period to an extraordinary 
degree. Colossal jute factories have been erected in 
Great Britain, in some of which the consumption of 
jute exceeds 000 bales every week, and in two or three 
factories 1,000 bales per week. The various descrip- 
tions of jute goods manufactured in these factories are 
baggings, sackings, hessians, sheetings, ducks, carpet- 
ing, &c. Tlie major portion of the jute cloth is made 
of yarn in the green or natural state ; but in many sorts 
the yam is bleaclicd, dyed, and finished. Besides fabrics 
composed wliolly of jute, many sorts of unions are made 
by incorporating with jute, cotton, woollen, flax, and 
tow yarns. Tlie jute yams used for carpets are of 
varied colours, and are sometimes used in conjunction 
with cocoa fibre. Even the Brussels, or velvet, carpet is 
imitated with success in appearance, but not in durability. 

For many years all the jute consumed in Great 
Britain was worked up in Dundee, but the manufacture 
is now extending in Glasgow, Manchester, London, and 
other cities. In Dundee alone nearly 50,000 tons are 
manufactured into bags and sacks annually, the raw 
material of which is exclusively supplied by India. 

In France, jute spinning and weaving are also carried 
on, where the consumption amounts to about 10,000 
tons. In the United States this manufacture has been 
progressive, notwithstanding that labour there is even 
dearer than in England. 

In the mother country of jute — ^Bengal — ^whero it has 
been manufactured for hundreds of years even before 
its very name was known in Great Britain, no progress 
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has been made. There are about half a dozen jute 
factories near Calcutta^ for spinning and weaving jute 
by improved English machinery ; but these factories 
have been erected only recently, by the enterprising 
Britons, thousands of miles from their homes. The 
honour of introducing improved machinery for jute is 
due to them. 

The establishment of steam jute factories in Calcutta, 
remarks a Dundee manufacturer, has not hitherto had 
an injurious effect upon the trade in Dundee. The 
goods they manufacture in Calcutta and its neighbour- 
hood, have come more into competition with the pro- 
duction of the native looms, as they have been chiefly 
used for bags for rice and other produce of the country, 
which was formerly shipped in gunny cloth made by 
hand. The consumption of cloth for bagging is im- 
mense, and constantly on the increase. The manufac- 
turing establishments at Calcutta are reported to have 
orders always in advance to last them for months, and 
have yielded a handsome return to the proprietors. In 
Bombay, where bagging is so largely consumed for 
cotton bales, linseed, and other produce, the first jute 
factory is expected to work in a short time. 

Jute, sunn, hemp, and flax, are spun on machinery 
on the same principle, but with differences in size and 
proportion, and in other minor details. Flax fibres con- 
taiil a large quantity of gum, and there is a great 
resistance in spinning it. The fibres of hemp are in- 
ferior to those of flax, and more difficult to spin ; while 
jute, besides being very cheap, is also freely spun, and 
this accounts for the very rapid progress of the jute 
manufacture in Great Britain, compared with linen or 
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MANUFACTURING PROCESSES. 

(1.) Oiling , — ^In jute factories in England, after 
cutting open the closely-packed jute from the bales, it 
is spread out ; oil and water are sprinkled on it, and 
allowed to remain in the batch for two days. The 
application of oil softens the material, makes it more 
pliable, and gives it a better spinning property. Then, 
in some factories, it is taken to a softening paachine, 
and pressed between rollers heavily weighted ; but in 
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several factories the softening machine is not used, the 
jute being taken direct to the broaiccr-enrd machine. 

(2.) Urcukair ctyid F The jute is first 
passed through the breaker-cards, consisting of rollers 
with teeth, the main cylinder of which is four feet in 



diameter. The teeth strike the jute and tear it up, and 
a ..liver or nbbon of jute is formed. The finisher-card 

?he flT iis the breaker-card, hut 

the teeth of the card-clothing are finer and more closely 
^t. The s ivers of mte are led off at the side of the 
nnishor-eard, where they are deposited in cans. 

1- is similar in principle to that 

manufacture. In this machine a 
number of jute slivers are drawn out repeatodlv, which 
increases the kngth and diminishes the thickness of 
mch silver. There are the first and second drawing- 
frames, which are in principle the same. The object of 
the s^ond set is still to reduce the thickness. L one 
Tu £ a can full of slivers brought from 

the finisher-card. By the drawing-rollers the sliver of 
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jute is taken into the machine, and after passing under 
other rollers moving at different speeds, the sliver falls 
into another revolving can opposite. 

(4.) Roving Frame , — This machine is for the pu^ose 
of gi^n'iig a slight twist, and of winding jute slivers 
upon bobbins, preparatory to spinning. The improve- 
ments lately introduced in cotton roving-frames for 
giving a permanent and independent support to each 



spindle, and in maintaining a perfect steadiness of 
action at a much higher velocity, have also been applied 
to jute roving-frames. The can of sliver is brought 
from the second drawing-frame to the roving-frame, 
where it is twisted and wound upon wooden bobbins. 

(5.) Dmj Spinning Frames , — On these frames Jute 
yarns are spun into either weft or warp for weaving. 
It is called dry spinning, because in spinning-frames 
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made on the same principle for linen, water is used, as 
flax yarns require to be wetted in order to render them 
more pliable and easy to twist. Water is contained in 
a trough, which is supplied to the roller by the capillary 
attraction of a piece of cloth immersed therein. 

The frames for spinning jute very much resemble 



the throstle used in cotton spinning. The speed is from 
3,000 to 4,000 revolutions per minute. When the 
operation of spinning is finished, the thread is perfectly 
formed. 

(6, 7, 8.) Winding^ Beamingy and Plrning Machines. 
— ^The winding-machine is for winding the warp yarns 
on large bobbins; the beaming-machine to wind the 
yarn on beams for the purpose of placing it on looms 
for weaving ; and the pirning-machine to make cops or 
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pirns for the shuttles. All this preparatory machinery 
is required for the purpose of weaving the spun yams 
in the looms. The shuttle containing the weft yam is 
much larger and stronger than that used in cotton looms. 

(9.) Looms , — The jute-looms for weaving sackings, 
gunny bags, and other coarse fabrics, plain or twilled, 



are much stronger and heavier than calico looms. 
There is a contrivance in the loom for making a proper 
shed for the very large shuttle used, and also for 
reducing the chance of breaking the warp threads. 
There are looms made with more than one shuttle, for 
throwing variously-coloured wefts for jute carpets, and 
such other fabrics, which are also manufactured exten- 
sively in Dundee. The loom for making sail-cloth is 
similar in principle to that of jute. 
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ESTIlilATE FOR A JUTE FACTORY. 


Machinery as shown on rL.vx H. 

2 Shell-lirpakcr carda, rylinders 4 hy 6 feet, 48" on wire, com- 
plete, with all fittings, and card clothing .... 
4 Finisher-cards, cylinders 4 hy 6 feet, 48" on wire, complete, 

with card clothing . 

4 First drawing-fi-jimes, 2 heads of 4 Losses each, wdlh patent 

lowering motions 

4 Second drawirig-finmcs, 2 heads of 4 hossj^s each, complete . 
4 Regulating roring-fnimes, 48 spindles each, comiJ(‘te . 

10 DouLlo dry spinning- fi-ames, 128 spindles each, complete . 
2 Shell-hreakor cards, cylinders 4 Ly 6 feet, 48" on wire, \ritli 

curd clothing, complete 

4 Finisher-cards, cyliiidei-s 4 by 6 foot, 48" on wdro, com] dote . 
4 First drawing-frames, 3 heads of 4 bosses ('ach, comph*t(‘ 

4 Second drawing-frames, 2 lieads of 4 bosses cticli, C(mipleto , 
4 Regulating rotary-frames, 48 spindles each, complete . 

G Double dry spinning-frames, 108 spindles o.ich, comphde 
f) Winding-machines, 3 beaming-rnachines, 400 bobbins each ; 
4 piniing-inachine.s 00 spindles each, to make cops, com- 
plete . . , 

50 Patent looms fur heavy sjicking, 36" reed space, with positive 
taking-up motion, yam boitms, flanges, com])lctc 
60 Patent looms for gunny bagging, very strong, and similar 

to the above, eompletc 

If required for itviikd sacking and bagging, add for 100 looms 
Accessories and extras, consisting of 50 yam beatns, 1 2 beam 
stands, 4 drawing- in frames, 300 shuttles, 100 gross bob- 
hins, 100 gross pirn heads, 150 pair picikcrs, &c. 

2 Steam-engines, both condensing, one with cylinder 33", stroke 
6 feet, and one 16i", stroke 2 feet 8 inches, with ily-wdiocls, 
governors, condensera, air-pumps, and all fittings, com- 
plete. — 2 wrought-iron boilers, 25' X 6' 6", wdth 2 flues, 
with all mountings, complete.— Gearing, shafting, pulleys, 
fixings, &c., complete 


£ 

523 

1,344 

360 

3G0 

1,380 

2,730 

523 

1,314 

523 

425 

1,175 

1,518 


1,202 

1,335 

1,450 

250 


540 


3,700 


£20,682 
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DIJtEXSlONS OP A JUTE FACTORY. 

Machinery as shown on Plan H. 

Scale, 48 fcct= 1 inch. 


Ciength, 

feet. 

Breadth, 

feet. 

Square 

feet. 

Height, 

feet. 

Cubic 

feet. 

124 

46 

6,704 

12 

68,448 

50 

46 

2,800 

10 

28,000 

211 

84 

17,724 

12 

212,688 

129 

55 

7,095 

12 

85,140 

211 

56 

11,816 

12 

141,792 

58 

20 

1,160 

14 

16,240 

27 

16 

432 

14 

6,048 

40 

27 

1,080 

10 

10,800 

1 and cubic feet 

47,311 


564,156 


Front winy^ contaiii- 
in.i^ .store-room lor 
ra w mat( 'rial , ware- 
house, entrance . 
Offices over top .story 
I Side wing^ eoiitidii- \ 
ill" pivpiu’ation f 
and spinning ma- I 
chinevy , . . . / 

Intermedlde iving^ \ 
containing propa- > 
ration for wt'aving ) 
Side iving^ contain- | 


ing 100 looms 
Engino-houso lor 
spinning 
Engine-houso 
weaving 
Boiler-houso. 


for j 
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REMARKS ON JTJTE FACTORY. 

The estimate shows the cost of machinery for a jute 
factory of moderate size, consisting of about 2,000 
spindles and 100 looms. Near Calcutta three jute 
factories have been in active operation for several years 
past. The Borneo Jute Company, with the extension 
they have made, is working 3,500 spindles. Tlie first 
jute factory in Bombay, called George the Third Jute 
Spinning Company, owing to the monetary crisis of 
1866, went into liquidation even before it commenced 
to work. 

The spinning machinery as shown on plan is arranged 
in two distinct divisions for weft and warp to spin yarns 
7 to 24 lbs, and is quite ample to supply yarns for the 
looms. If this arrangement of machinery in two divi- 
sions be not approved, that one adopted for the cotton 
mill machinery may be easily substituted in its place. 

The manner of counting jute yarns is quite different 
from that of cotton. The heavier yarns are the higher 
numbers, just the reverse of cotton yams. 

The weaving machinery, consisting of 100 looms, is 
adapted for weaving gunny bags and sackings. For 
twilled sacking, twilling motions are required in looms, 
for which an extra charge is made, included in the 
estimate. 

There are two separate steam-engines provided, one 
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for driving the spinning machinerj’’, and the other for 
driving the looms, which arrangement is in some re- 
spects preferable ; however, it will he a simple thing to 
drive all the machinery by one engine if desired. As 
the total amount of horse power required will remain 
the same, it matters little if the machinery is driven by 
one engine or two. 

The production from 100 looms will be according to 
the fabric to be produced ; the coarser the fabric, the 
larger the production will be. 

The buildings for the factory consist of four wings, 
connected with each other. The machinery is all 
arranged on the ground floor. Over the entrance for 
the passage of goods and the store room is an upper story 
for offices, which will give a pretty effect to the entire 
building. The plan is so arranged that in case of a 
small extension there will be room for additional ma- 
chinery, without increasing the size of the buildings, 
which, if not desired, can be proportionately diminished 
in the first instance. 

The cost of machinery amounts to somewhat above 
£20,000. The total cost, including the necessary build- 
ings and erection of machinery in complete working 
order, may be put down in round figures at £40,000. 

The accounts of the Calcutta jute factories have not 
been published; they are kept secret for trade purposes. 
Ilowevor, from the extensions they have made to their 
works, and from other reasons, there is no doubt that 
these companies have declared handsome dividends. 
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QUANTITY AND VALUE OF JUTE AND JUTE DAGGINO 
EXTORTED FROM INDIA, 

Foil EACH OF TIIK YeARS ENUINO ArUIL 30tiI.* 


Year. 

Jute. 

V’alue of Jute. 

Pa;cr^in^: 

value. 


Cwts. 

M 

£ 

1SG6 

1,638,174 

1,499,533 


1865 

2,120,813 

1,793,029 

102,858 

1864 

2,513,887 

1,50/ ,035 

111,207 

1863 

1,266,884 

750,456 

131,628 

1862 

1,232,279 

537,610 

186,815 

1861 

1,092,668 

761,201 

359,343 

1860 

761,201 

290,018 

333,977 

1859 

317,890 

525,090 

302,424 

1858 

788,820 

3()3,2{)2 

217,191 

1857 

673,416 

274,957 

376,252 

1856 

882,715 

329,076 

302,388 

1855 

699,566 

229,241 

215,335 

1854 

509,507 

214,768 

171,790 

1853 

349,797 

112,617 

231,159 

1852 

535,027 

180,976 

287,411 

1851 

584,161 

196,936 

160,397 


* From Statistical Abstract yresented to Parliament, 1S6; 


QUANTITY AND VALUE OF JUTE ILVGS EXTORTED 
FROM GREAT BRITAIN. 


Year. 

Quantity. 

Value. 


Duzens. 

£ 

1866 

1,338,184 

675,740 



696,291 

18G4 

971,871 

749,422 

1863 

894,436 

555,282 

1862 

802,095 

388,724 

1861 

642,848 

307,583 


623,752 

293,593 




SILK MANUFACTURES. 


INTRODUCTION. 

There are few things more 
wonderful than the mighty 
results frequently brought 
about by very small and ap- 
parently inadequate means. 

Few objects can apj)car more 
insignificant than the silk- 
worm; yet, by the united 
labours of inilHoiis of these 
creatures, the raw silk is 
made, the trade in which 
amounts every year to mil- 
lions of pounds sterling, 
and enables man to weave 
beautiful fabrics from it. 

In China, even more than 
two thousand years befon,* 
the Christian era, this va- 
luable insect was made ser- 
viceable to man. From that 
country the art of rear- 
ing the silkworm passed 
into India and Persia ; and 
up to this day China, India, 
and other parts of Asia 
supply to Great Britain and 
other European countries 
the bulk of the raw material. 
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The silt manufacture is now a source of wealth to 
European nations, though it was only at the be- 
ginning of the sixteenth century that the silkworm 
was introduced into Europe. Two priests brought some 
eggs from China to Constantinople, from which place 
the art of rearing the silkworm spread into Greece, 
Italy, and Franco. The mulberry tree, on the leaves 
of which the silkworm is fed, and which is a native of 
China, was first planted in France in the year 1564, 
and thence propagated into other parts. France, so 
famous now for the excellence and beauty of its silk 
goods, produces a large quantity of raw silk, but it 
consumes all it produces, and the deficiency is made 
up by importations from China and India. 

The silkworm is subject to many changes. The egg, 
which is smaller than a grain of mustard seed, sends 
forth a caterpillar, which as it enlarges easts its skin 
three or four times. In the course of about a month 
it acquires its full size, leaves off eating, and begins to 
discharge a secretion from its head, like a common 
spider. This secretion hardens into silken lines, which 
arc coiled instinctively into a nest round the worm 
itself, and which is called a cocoon. 



The caterpillar re- 
mains workingwithin 
the cocoon, spinning 
its beautiful threads 
till its body dimi- 
nishes one half. The 
cocoon being com- 
plete, the worm trans- 


forms, and after a week emerges in the form of a 


perfect winged insect, the silk-moth. In order to 
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escape the cocoon, it moistens the interior with a 
liquid, dissolves the gum that holds the silken lines 
together, and escapes. 

At this time the male 
and female moths cou- 
ple together. The in- 
sects liave a short life 
and only one object to 
accomplish — a con- 
tinuation of the species. 

The female moth lays 
her egg in two or 
three days and then dies. The eggs can be 
preserved in a low temperature. If the heat 
advances rapidly at an unusual season, it is not 
allowed to act on the eggs, otherwise the cater- 
pillars become hatched before new leaves appear on the 
mulberry trees to feed them. In France, in large 
establishments, the eggs are placed in large apartments, 
and where the heat is every day gradually increased 
till it reaches a certain point; then the eggs are 
hatched together in large broods, and nature com- 
pletes her mysterious work in a short time. The 
newly-hatched worms feed on tender mulberry leaves 
strewed on a piece of paper. 

In the French settlements in India, experimental 
establishments for rearing improved species of silk- 
worm have been erected ; eggs and cocoons have been 
transmitted from India, Persia, and China to France, 
and the worms have fed well on the oak leaves of the 
forests. The French Government have from time to 
time also offered large grants of money for improving 
the race of silkworms. By improved plans they^hay^g*^ 
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succeeded in obtaining a kind which yield large and 
equal- sized cocoons of a pure Tcldte colour, the silk of 
which is equal in all its length, strong and shining. 
From the ordinary species about eight pounds of reeled 
raw silk is obtained from one hundred pounds of co- 
coons. In England, the roaring of the silkworm has 
been tried, but on account of the cold winds it has not 
succeeded commercially. 

There are several species of silkworm known in 
India. No less than thirty are fully described by Jlr. 
F. Moore, in his ‘‘ Synopsis of Asiatic Silk- Producing 
Moths.” The Tusseh silkworm is the most common 
species in Bengal. Millions of its cocoons are annually 
collected. The fabric woven in Bengal, chiefly at 
Midnapore, from this silk, is called Tassar cloth, and is 
of very strong texture. The female cocoons are 
heavier and rounder than the males, and a due proj)or- 
tion of the finest cocoons of each sort is preserved for 
the production of eggs. The worms feed chiefly on 
the leaves of the castor-oil plant. The Chinese and 
also the Euroi^ean cocoons are much larger than those 
of India. Mr. Bashford, of Sirdah, attempted to 
enlarge the native cocoons by crossing the Indian silk- 
moths with the European varieties. He obtained 
several naixed breeds, much larger and stronger than 
the ordinary Bengal stock, producing beautiful cocoons. 
The best silk in the world is that obtained from the 
Chinese cocoons. China still sends to Great Britain 
its unfailing supply of Tsaltee, Bengal still furnishes 
a large amount of raw silk, and also silk in its manu- 
factured state, but of inferior quality to that of China. 

The principal crop of cocoons in India is assorted 
according to quality. The life of the worm enclosed 
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in the cocoon is destroyed by heat, and the floss silk 
over the cocoon is removed. After being placed in hot 
Avater, the gum softens, and a number of loose ends are 
reeled from the cocoons together. In France this is 
done by improved mechanism in a very ingenious 
manner, without any waste. The reeled silk is made 
up into hanks and bundles for the market. Its fonn 
and quality differ in the several countries. The colour 



in the native state is generally a golden yellow, but 
•some varieties of silk are perfectly white, A thread of 
silk is three times stronger than one of flax, and twice 
stronger than hemp of the same diameter ; in fact, it 
is the strongest of all the textile fibres. The production 
of raw silk is an important branch of industry, open for 
future skill and exertions in many parts of India ; and 
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the duty of the English Government is to go on en- 
couraging it by every possible means, as they are doing 
in France. 

At one time a disease, mysterious as the cholera, 
having destroyed myriads of worms in the silk-producing 
countries of Europe, millions of eggs were exported 
from Asia to Europe, where by crossing the enfeebled 
breeds a supply of silk larger in quantity and bettor in 
quality was obtained. 

The manufacture of silk goods was commenced in 
Europe only in the sixteenth century. For several 
years everything was done by hand, as it is up to the 
present time in India and China. It was in the year 
1710 that the first silk mill moved by water power was 
erected in England. A large number of skilful French 
weavers settled in England during the persecutions in 
France, and the silk manufacture made more progress. 
So late as 1838, at Coventry, the highest authorities in 
the trade decided that a good silk ribbon could never be 
made by steam so w^ell as by hand. But events proved 
that even the highest authorities had to learn the direc- 
tion in which their true interest lay. In the twenty 
years between 1838 and 1868, the steam factory system 
developed itself with continually increasing rapidity 
and energy; and the application of steam, first pro- 
nounced impossible and unprofitable by practical men, 
was found to be an inevitable necessity even in ribbon 
manufacture. One manufacturer after another adopted 
the factory system, and erected larger works and more 
effective machinery. Silk factories were established at 
Coventry, Spitalfields, Macclesfield, Manchester, and in 
mother towns. There are now more than five hundred 
gilk factories in Great Britain, in which a variety of 
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goods to suit the tastes and pecuniary means of nearly 
all grades of civilised and semi-civilised people are 
manufactured. In these factories more than 5,000 horse- 
liower is employed, and a capital of about £50,000,000 
sterling invested, giving employment to nearly 1,000,000 
persona. 

In France a large capital has been invested in the silk 
industry, and its manufactures have attained such per- 
fection that their superiority in taste and execution has 
not been even disputed by the English. The French 
have one advantage over the English, that they produce 
on their own soil a large portion of the raw material. 

China and India produce beautiful silk goods, but by 
slow processes and by manual labour. What gives 
advantage to the European manufacturer is the applica- 
tion of steam-power and imjiroved machinery for spin- 
ning and weaving, whereby economy of labour and 
expense is eflfectcd, rendering the article cheaper and 
more accessible. 
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MANUFACTURING PROCESSES. 

(1.) Winding Machine , — The hanks of raw silk, as 
made up in Bengal and China, direct from the cocoons, 
in continuous lengths, are stretched in the English silk 
factories upon six-sided reels, called swifts, by which 
the silk is transferred from the hanks to bobbins. 
Should the silk in winding be entangled, the bobbins 
are stopped without breaking the thread, till the silk 
has been examined and rectified. Tlie winding ma- 
chines for China and Bengal silk differ somewhat in 
size. 

’ (2.) Clearing Machine , — The bobbins from the wind- 

ing machine are removed to this machine, the object of 
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which is to remedy the irregularities and knots in the 
thickness of silk by passing it between the edges of 
a steel clearer. Each thread is passed Irom its bobbin 
through the clearer to another bobbin. Sometimes this 



cleaning is affected by passing the silk threads between 
two steel rollers, adjustable by screws. After the 
silk has undergone the process of cleaning, it is ready 
for the spinning machine. 

(3.) Spinniny Machine , — This twists the single thread 
so as to give it strength and elasticity. It consists of 
hipright spindles on each side of the machine, arranged 
m two or three tiers ; but the three-tier machine being 
vVy high, is inconvenient to work. The bobbins of 
silk from the clearing machine are placed on the up- 
right spindles in such a way that, whilst each spindle 
is rapidly rotated, the thread is being drawn off and 
regain distributed upon another bobbin placed horizon- 
tally. These machines have the usual arrangements 
of change wheels to put the required twist per inch 
into the thread. 

(4.) Doubling Machine.— winds and lays cvenly> 
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together two or more threads of silk from the spiu- 
iiing machine upon a single bobbin. An ingenious 



device is employed to stop the winding-on, the moment 
one of the threads happens to break. The girl who 
attends to the machine pieces-up the broken thread, 
and sets the machine in motion again. The ends of 
silk from the bobbins of the spinning machine are, 
according to the sort of work required, wound in this 
machine in one cord or strand, and it is essential that 
this strand be laid evenly, with an equable amount of 
tension. 

(5.) Thromng Mdchine , — On this the doubled threads 
are twisted together, their bobbins revolving on upright 
spindles as in the spinning machine, and making from 
3,000 to 4,000 revolutions per minute. The spun threads 
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are wound on reels into hanks ready for the dyer. As 
each reel is filled, it gives notice by striking a bell. 



Silk is sometimes thrown by means of the spinning 
machine only. Where all tne operations of spinning 
silk are carried on, the. place is sometimes called a 
throwing mill. 

(6.) Glossing Machine is designed to stretch the dyed 
silk, and gives a gloss to it, which was formerly done 
by hand. The silk yam is confined in a steam-tight 
case. By the direct action of steam, the silk is tho- 
roughly saturated, when it is stretched by the pressure 
applied to the piston. The machine is made especially 
for silk, which can be stretched a tenth of its length. 

(7.) SoftorDged Silk Winding Machine . — This is for 
the purpose of winding the silk that has been dyed. 
The silk thread is wound from the dyed hank on 
bobbins making 200 turns per minute, in readiness for 
warping or for putting into shuttle-pirns for weaving 
in the looms. 
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(8.) Jdcquard Loom for facing goods has now en- 
tirely superseded every other for producing figured 
work in the loom. The Jacquard apparatus, named 
from a Frenchman who invented it, is an addition to 
the power loom, and is a very ingenious mechanism for 
raising certain threads of the warp in a certain prede- 
termined order, so that on throwing the shuttles, oacli 



containing a different colour in a certain order, a figured 
pattern shall bo produced. Since Jacquard invented 
it, a good many improvements in detail have been 
made, which have been found of essential service in cer- 
tain classes of weaving. Change in design or pattern 
is made mthout any diiEculty. 
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ESTIMA'lTi FOR A SILK FACTORY. 

Machinery as shown on Plan I. 

£ 

8 Windiiip: inncliiiios, fiOS spindles, pitch 6i", complete . . 182 

5 Cleaving? inaehines, 380 simidles, pitch complete . . 1-52 

8 SpinninfT niJichiiies, 1,536 spindles, pitch 5", coiripleto . . 485 

3 Donhlm^ macliiiu's, 328 sjandlea, pitch 5", completo . . 97 

3 ThrowiiifE Tiiacldiies, 576 spindles, pitch 5", complete . . 207 

1 Heel for dyed silk ; 1 steam stretching and polishing 

machine 110 

2 Warping mills ; I hearing machine, eom]»lcte . . . 76 

102 Iitioms, 36 inches reed space, compl(‘to ; 102 Jacquard 

machines, completo 1,316 

I Horizontal stoani-cngine, 25 horse-power, hoih'i’S, shafting, 

gi'ariiig, kv., cxtias, packing and free delivery on board . 1,460 

£4,085 


DIMENSIONS OF A SILK FAOTOKY. 
Machinery as shotvn on Plan 1. 

Scale : 32 feet = 1 inch. 



Length, 

feet. 

Breadth, 

feet. 

Square 

feet. 

Height, 

feet. 

Cubic i 
feet, 1 

Raw silk room .... 

50 

27 

I,3.i0 

12 

16,200 

Spinning-room .... 

105 

53 

5,565 

12 

66,780 

Pinparation weaving . . 

42 

50 

2,100 

12 

25,200 

Weaving looms .... 

162 

44 

7,128 

12 

85,536 

IMaking-uj) room . . . 

24 

33 

792 

12 

9,504 

Warehouse 

31 

36 

1,116 

12 

13,392 

Offices, &c 

32 

36 

1,152 

12 

13,824 

Timekeeiier’s room . . 

16 

33 

528 

12 

6,336 

Engine and boiler-house 

46 

45 

2,025 1 

10 

20,250 

Total of square foot and cubic feet 

21,756 


267,022 
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REMARKS ON SILK FACTORIES. ' 

Silk machinery is very simple. As the silk thread is 
made by the silkworm, no preparatory machinery is 
required as for cotton, jute, &c. 

Thrming mill means a factory where silk is pre- 
pared for weaving by converting it into three forms, 
known as singles, tram, and organzine. Sivgles is 
formed by simply twisting the filaments of raw silk to 
give firmness to the texture. Tram is usually made 
from inferior silk, by twisting together in one direction 
two or more thi:ead8. 

Weft for common and flowered silks, velvets, &c., is 
formed of tram, by slightly twisting together in one 
direction two or more filaments of singles, usually 
made from common silk, which spreads in weaving. 
Warp for silk goods is made from organzine, or silk 
cleaned, spun, doubled, thrown, and considerably 
twisted, so as to resemble the strand of a rope. It is 
made by twisting together two or more singles or 
tram in such a manner that the twist of the combined 
thread shall be in the opposite direction to the twist 
given before, which prevents it untwisting. As organ- 
zine is twisted hard, it is used as warp for best silk 
stuffs. 

Hard silk is that in which the natural gum is left in 
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it. Soft silk means that the gum has been removed by 
scouring. Floss silk consists of shorter broken threads, 
waste, &c. It is cut, carded, and spun in England like 
cotton, for inferior silk goods. 

The quality of silk is determined by first winding a 
certain quantity round a drum, and then weighing it. 
The weight is expressed in grains, twenty- four of which 
constitute one denier. Twenty-four deniers make one 
ounce, and sixteen ounces one pound. 

Raw silk absorbs moisture, and is increased ten per 
cent, in weight thereby. This property leads to fraud, 
which, however, maybe detected by enclosing a certain 
weighted portion of suspected silk in a wire-cloth cage, 
and exposing it to heat for a certain number of hours 
with a current of air. The loss in weight shows the 
amount of fraud. At Lyons, in France, a place famous 
for its silk factories, there is an ofiice established by 
Government where this assay of silk is made. The law 
of France requires that all the silk tried by this office 
must be worked up into cloth in that country. 

The Plan I of Silk Factory shows arrangements 
for 1,500 spinning and 500 throwing spindles, with 
100 Jacquard looms for weaving silks. Gauze- 
weaving and satin-weaving can be performed on a loom 
for plain weaving ; but for figured silks, a Jacquard loom 
will be necessary. A Jacquard can be applied to any 
plain loom, and costs about £10. Machines have been 
devised to do all the operations of silk-spinning in one ; 
but different speeds being necessary, there is a great 
waste and also increased cost in wages ; so the plan 
most commonly adopted is to have distinct and separate 
machines for each operation required in a silk factory. 
On plan, in the spinning-room, two rows of machines 
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are shown, driven by two shafts, but one row would be 
preferable if there is room. 

Steam is more advantageously cmplo 5 'ed in the 
manufacture of coarse and plain goods than in that of 
very fine goods. The motive power required for silk 
machinery is much less than for cotton, jute, or other 
textile fibres. A steam-engine of ten nominal horse- 
power will drive all the spinning and preparation 
machinery, as shown on plan, and an engine of fifteen 
horse-power will drive 100 looms. 

The estimate for the silk machinery as shown on 
Plan I, amounts to £4,000. The total cost of the silk 
factory, including buildings, fitted up complete, may be 
put down at about £9,500. It will be reduced by half 
if the number of looms be limited to fifty, or oth(‘rwise 
proportionately less by having fifty Jacquard looms, 
and fifty ordinary looms for plain weaving, instead of 
100 Jacquard looms as provided in the estimate. In 
some places it may be convenient to spin the silk direct 
from the cocoons in the factory, in which case some of 
the machines specified will not be required. 
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EXPORT OF SILK FROM INDIA.* 


Yetu\ 

Raw Silk. 

Value. 

Goods — value. 

I860 

lbs. 

£ 

1,165,901 

£ 

106,612 

1864 

1 ,369,666 

951,649 

115,165 

1863 

1,228,684 

822,892 

165,136 

1862 

1,101,844 

686,083 

108,806 

1861 

1,966,656 

1,036,728 

134,831 

1860 

1,670,953 

817,863 

191,509 

18.?.) 

1,217,438 

725,655 

213,108 

1868 

1,680,463 

766,673 

1.78,224 

1867 

1,766,778 

782,140 

28l,4.')0 

1866 

1,521,765 

707,706 

341,035 

j 18.)6 

1,195,310 

500,105 

263,453 

1861 

1,693,125 

640,451 

326,571 

1863 

1,-111,636 

667,546 

315,195 

' 18.>2 

1,469,291 

688,040 

265,384 

' 1861 

1,325,901 

619,310 

355,223 


(Silk j*'oo(Ls iiiMuufactiiiTS ol' India, eonsi.st. of kaiidanjis, comhs, choja 
Tussore cloths, romals, and taltcties.) 


KAW SILK IJIPOUTED INTO GRKA'f BRITAIN FROM 
' INDIA AND 01IINA.t 


Year. 

< tvrrJHiid, 
via Egyi)t4 

From China. 

From India. 


ll>s. 

Ibh 

lbs. 

1806 

3,405,898 

108,201 

123,561 

1865 

6,05 1,354 

136,652 

183,224 

1861 

3,401,116 

461,357 

167,774 

1863, 

4,779,543 

1,695,882 

208,029 

1862 

5,434,786 

3,207,044 

469,985 

1861 

4,224,505 

2,348,578 

136,505 

1860 

6,768,601 

2,185,742 

60,985 

1869 

5,289,773 

3,065,262 

331,488 

1858 

1867 

3,652,617 

4,678,415 

2,0U,186 j 
6,604,532 > 1 

includiid in 
ovt*rlaiid 

1866 1 

3,124,778 

3,722,693 \ 



* Froin Statistical Abstracts presented to Parliament, 1867. 
t From Board oi Trade Returns. 

i Overland via Egypt, in transport from India, China, and Japan. 



SUGAR. 



INTKODUCTLOX. 

SuG\R is consumed throughout the whole world in 
some form or other. In Great Britain the revenue 
derived by duties imposed on this one single article 
amounts every year to more than £5,000,000. Sugar 
has grown into extensive demand, and the imports 
into the United Kingdom from India, Mauritius, China, 
J ava, and other sugar-growing countries, are enormous. 
The importance of su^ar, therefore, cannot be too 
highly estimated, both as regards its culture and pro- 
duction in India and other countries, and its manu- 
facture for local consumption, and for export to Europe 
and America. 

To the inhabitants of India and China, sugar has 
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been known from a very early period. Prom India, 
the sngar-cano was introduced into Arabia, Egjpf, and 
other Western parts of Asia, and then into Europe, 
where at first it was used for medicinal purposes alone 
for many years. A physician described sugar as 
Indian salt, and recommended that a piece be kept in 
the mouth during fevers. By the Greeks and Romans 
it Avas called by analogous names ; and they obtained 
it at enormous cost from India. In Spain, it was in- 
troduced by the Moors. The Portuguese jJantod the 
sugar-cane in America, soon after that continent was 
discovered. From Brazil it was transmitted to Barba- 
does, from which island at present largo quantities 
are shipped to Great Britain every year. Thus the 
culture of the sugar-cane spread from one country to 
another adapted for its cultivation. 

When sugar became employed in Europe in sweeten- 
ing food and beverages, its consumption was inconsider- 
able, being made use of only in the houses of the rich 
and great ; but Avith the introduction of tea, coffee, and 
(hocolatc, sugar came into general demand. 

There are several sugar-producing districts in the 
Bengal and Madras Presidencies, and the export of 
* sugar forms an important item of commerce with other 
countries. In India, sugar is also obtained from the 
date palm-juice. There is a caste in India who 
make sugar from the kital-tree, which is called jaggery. 
There arc several sorts of cane cultivated in India, i)ro- 
ducing good sugar. * The Chii'm cane is very hardy, 
and gives out as many as thirty shoots. Penang, 
Singapore, and the Straits settlements, produce excellent 
cane, yielding large quantities of sugar per acre. 

Beetroot sugar is largely manufactured in France, 
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and other countries of Europe, but not in England. 
The history of this industry is important, as pointing 
out one of the means by which the resources of a 
country may be developed, and showing how science, 
when applied successfully, promotes manufactures and 
commerce. At the commencement of the present century, 
Napoleon Buonaparte, during the wars, closed all the 
ports, and excluded cane-sugar produced in the Engliwsh 
colonies. He demanded of his learned men the means 
to produce sugar on French soil. The attempt made 
alow progress at first. When sugar was produced from 
beetroot, it was not of good quality, nor the price 
satisfactory. Large premiums offered by the Emperor 
Napoleon induced the chemists and scientific men of 
France to exert their skill ; an Impcrifil factory was 
erected ; skill and intelligence were brought to hear on 
the subject, and the result was complete success. It 
is now a thriving and increasing industry, not only in 
France, but in almost all parts of Europe. Within 
the last thirty years hundreds of factories for produ- 
cing sugar from beetroot have been erected in France, 
Belgium, Austria, Prussia, and Russia ; and thousands 
of tons are manufactured annually to meet the local 
demand in those countries. What is more, France is 
sending to England sugar made from beetroot, which 
comes into competition with cane-sugar sent from India, 
Mauritius, and other colonies. In 1866, in France, 
there were 439 beetroot factories, which produced 
82,556 tons ; and in Russia there were 424 factories, 
which produced 26,519 tons of raw sugar. Such has 
been the result of the progress of improvement in Europe. 

In the mother country of the sugar-cane not one step 
forward has been taken in its manufacture for centuries. 
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To squeeze the juice from the canes in several parts 
of India, two small wooden rollers close to each other 
are employed. Another form of sugar-mill is on the 



principle of a mortar and pestle. The pestle is rubbed 
against the canes (cut into thin slices beforehand) — a 



troublesome operation. The moving force is two oxen. 
The pressure is so imperfect, that a large amount^ 



150 


SUGAR. 


juice is left, thus causing a loss at the very outset. 
The juice is boiled in pans heated over an open fire, 
and is made into goor by the poor cultivators. This 
goor is purchased by persons whose business it is to 
remove impurities from it and produce sugars of 
various qualities, known by the names of Khur, Doloo, 
Gurpatta, and Dobaiah, and exported in large quan- 
tities to great Britain, and other countries. 

Khur Sugar is made in Bengal by pouring goor 
into coarse gunny bags, and pressing between bamboos 
lashed together, until 30 or 40 per cent, of it is forced out 
in the shape of molasses, or sugar that will not crystallize. 
The residue is Khur. Ninspkool or fine khur is made by 
repeating the above process twice, which causes a further 
portion to be separated. In both sugars a certain por- 
tion of water remains, which renders it liable to sweat. 
Doloo or Dullooah is made by pouring goor into oijen 
baskets, holding two or three maunds each ; three inches 
thick of wet grass being placed over the goor, the 
molasses drains through a hole into a vessel placed 
underneath. As soon as the grass is dry, the upper 
part of the goor, deprived of its molasses by draining, 
is scraped off with a knife to a depth of two or three 
inches^ and fresh grass is applied. When dry, a fur- 
ther portion of sugar is scraped off ; and this process 
is repeated till the basket of goor is emptied. The 
scraped off sugar is placed on mats in the sun to dry. 
When well made, Doloo is dry, light, and sand-coloured. 
From a given quantity of goor, 30 to 40 per cent, of 
this kind of sugar is produced. The resulting mo- 
lasses, with a small portion of sugar, are melted and 
boiled, and an inferior dark-coloured goor is produced. 

^loo keeps well in dry weather, but not in wet. 
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Fuckha Cheena or Gurpatta is the refined sugar of 
India. It is made by boiling khur with potash temper, 
which removes the impurities. After skimming, it is 
filtered through a cotton cloth and boiled, then poured 
into earthen pots, and as it cools it forms crystals of 
white sugar. The syrup which drains from the pots 
is boiled wit h fresh goor, and an inferior sugar is pro- 
duced called Jerarmea. Gurpatta sugar is bright, clean, 
and dry, and keeps well. The yield from three inaunds 
of good goor is twenty seers of Gurpatta, ton seers of 
inferior Gurpatta, ten seers Jerannee, one maund twenty- 
eight seers molasses, and loss twelve seers. Dobarah is 
of supci ior quality to Gui*patta, being good while, dry, 
and well cryvstallised sugar, and is made from Doloo 
instead of Khur. It resembles the crushed refined 
sugar of European manufacture. 

The juice when expressed from the canes is opaque, 
frothy, and of a yellowish-green colour, but darkens 
rapidly on exposure to the air ; the amount of acidity 
increases the longer it is kept, and sugar is then lost 
more or less. AYhen boiled, a green scum, consisting 
of impurities, rises, and the liquor becomes of a pale 
yellow colour. But it has been found by chemists that 
slow heat destroys sugar, and heat more than 140° F. 
produces an enormous injury in composition and colour. 
The Indian system of making sugar is, therefore, very 
defective. It produces a small quantity of sugar, and 
abundance of impure goor; hence the cheapness of 
the rude sugar mills and the cheap process are but 
little compensation for the mischief and waste incurred. 

The average amount of juice in 100 lbs. of cane is 
about 60 lbs. But the juice consists of a large per- 
centage of water and other impurities ; only 
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or twenty per cent, is sugar, and in practice no more 
than eight per cent, is extracted in the form of crystal- 
lised sugar. 

While the process of manufacturing sugar in India, 
China, and other parts of Asia, has been quite st. at ion ary 
for hundreds of j’ears, in Europe, from its first introduc- 
tion, improvemonts have been made from time to time 
in the mechanical and also the chemical processes. In- 
ventions have been inti-oduced for sugar mills, consist- 
ing of heavy iron rollers driven by steam, and extract- 
ing the greater amount of juice ; for heating by high- 
pressure steam, with the advantage of not burning any 
material submitted to its action ; for a new mode of 
communicating heat ; for expelling molasses or syrup 
from the sugai* ; for producing a high d('gree of purity 
and whiteness by charcoal ; for a mode of separating 
molasses and other soluble matters by mechanical pres- 
sure ; for passing heat through a coil of copper pipe 



fixed within the pan containing the sugar solution ; for 
evaporation and concentration of the syrup. An im- 
portant improvement was patented by a medical man for 
Removing all the impurities in the cane-juice at once, 
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by salts of lead, and by passing a current of sulphur- 
ous acid. In the first year of his patent he sold a 
fortieth part of it for <£2,000. A London refiner of 
sugar, moreover, paid him £1 per ton royalty on his 
produce, about £150 per week ; and thousands of tons 
of sugar were manufactured by this process. But there 
was danger of leaving a poison in sugar if this pro- 
cess was not done well, though it is perfectly capable 
of being done well. For this reason it has been dis- 
couraged and partly prohibited. Another improve- 
ment was that of the centrifugal machine, revolving 
about two thousand times per minute by steam power, 
in which the crude sugar is placed. A few minutes are 
sufficient to separate the white crystalline grains of 
sugar, which are retained inside, while the molasses is 
thrown out. This machine is now extensively used in 
sonu^ of the sugar-growing countries, and in England 
in the sugar refineries. 

From repeated experiments it has been found that 
cane juice, if siibjected to rapid heat to evaporate the 
water, does not lose its colour, nor its property of 
crystallising. By slow boiling of the cane juice the first 
change effected is the production of grape sugar, which 
cannot be crystallised. By further boiling, the grape 
sugar is decomposed, and a certain black material is 
produced. The injurious effect is in proportion to the 
duration of the heat. The mischief does not end here. 
The black material produced by continued slow heat 
retards again from crystallisation its own weight of 
pure sugar contained in the juice : and the loss of sugar 
is thus very great. It is to obviate this waste of more 
than half the sugar that a machine has been recently 
patented in England, and is working (as far as it 
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has been tried) with satisfactory results in the West 
Indies, in a ffiigar plantation. This machine claims 
the merit of not spoiling the chemical nature of the 
sugar, or its colour, or injuring the material in any 
way. Moreover, it is simple in construction, and 
economical in fuel. The trash of canes after the juice 
has been extracted in the sugar mill answers for fuel. 
When the machine is in full action, the cane juice flows 
in continually at one end, and at the other it is as 
steadily removed, occupying no more for its passage 
than fifteen minutes. The product has been called 
and the colour of it is a pale greenish 
yellow. If required for export to Europe for refining 
purposes, the concrete can be cast in blocks of any size, 
and packed in bags. 

Great Britain, owing to its climate, does not produce 
a pound of sugar-cane ; and notwithstanding the fiict 
that sugar must be manufactured from the cane juice 
ill the countries where it is grown, and that without 
loss of time, yet there are hundreds of sugar refine- 
ries in Great Britain, as well as in all commercial cities 
of Europe. This had solely its origin in the defective 
methods employed in the sugar- growing countries, 
where the fine and white loaf and lump sugar, suited 
for the European markets, was not made. In England, 
in sugar refining, occupation is found for a great many 
establishments for producing loaf sugar, crystal sugar, 
crushed sugar, and also moist coloured sugars. It is 
chiefly carried on in London, Bristol, Manchester, 
Liverpool, Greenock, and Southampton. But Bristol 
is the head-quarters of this branch of industry, where 
there are huge sugar factories. The sugar refining 
works of one firm there, the largest in the world, have 
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cost more than £250,000; in which more than five 
hundred hands are regularly employed. 

A scientific and also very practical English sugar- 
refiner, who has sugar plantations and sugar factories 
in the 'VYest Indies, has stated that the sugar mill 
employed in India is so rude that it must leave a large 
portion of the richest juice in the cane trash ; scarcely 
any machine more miserable can be conceived. The 
manufacture of sugar also is conducted in the most 
primitive manner. 

It has been said that the climate and soil of India, 
and other parts of Asia, are all that can be desired for 
the cultivation of sugar, and that no country holds 
out a better prospect of success in the prosecution of 
this important branch of trade, with improved Euro- 
pean machinery, coupled with science and industry. 
Ih Asia the manufacture of sugar has been unaided by 
the application of those improved means which have 
so prospered European enterprise. Asia insists on 
standing still, while other nations are making progress. 
The result is that she is poor. 




X U FACTU RING PROCESSPiS. 


(1.) Sugar Mill has for its object the extraction of 
the juice from the canes. It consists of large heavy 
iron rollers, worked by a steam-engine A self-acting 
cane-carrier is used to supply the canes to the mill, 
which facilitates the work. The iron feed-rollers split 
and slightly press the canes, and the other rollers give 
the final pressure ; the juice runs down to the mill-bed, 
while the trash of canes is carried outside. This trash 
is used as fuel, and the ashes as manure for the cane 
plantations. The yield of juice varies according to the 
completeness of the crushing, and the moisture of 
the air. 

fv ||2.) Clarifiers , — The juice expressed from the canes 
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contains, besides sugar and water, certain impurities, to 
remove whi(ih the juice from the bed of the sugar mill 
is conducted to large vessels, called clarifiers^ capable of 
holding hundreds of gallons each, and heated by steam 
passing in a coil of copper tubes, regulated at pleasure. 
The impurities liberated in boiling are conveyed to a 
cistern, and there are other contrivances for removing 



the scum and clearing the juice. Thus the juice is 
clarified and partly concentrated ; and the water being 
evaporated, it forms a sort of syrup, which passes from 
the clarifiers into a receiving tank. 

(•3.) Concreter is a machine which has been recently 
patented for very rapidly condensing the juice. The 
juice runs zig-zag in a continuous stream into a scries 
of shalloAv iron trays of this machine, until it reaches 
the lower end, making a passage in all of 140 feet ; 
and as the trays are heated by a flame from cane 
trash, it boils rapidly all the time. It is next passed 
into a copper cylinder 20 feet long, turning six times a 
minute, and heated outside by waste heat. A strong 
blast of highly heated air is sent by a self-acting fan 
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through the^ inside of the cylinder, covering a super- 
ficial area ot 192 square feet ; and by the drying action 
01 the heated air as the juice passes through, the water in 
a few minutes is driven off, whereby the juice increases 
m density. The syrup is not at all injured or burnt 
and retains its power of forming crystals of sugar. 

(4.) Vacitum Fan is employed to concentrate the 
syrup to the point required for forming grains or 
crystals of sugar. The more rapitUy this is done, and 
the less heat applied, the greater is the production of 
sugar. A solution of sugar will require 230“ P. to 



Wl ; but if the air (which has a pressure) be removed 
from the pan, it will boil at only 160“ F. For this 
purpose an air-j)unip is attached to the vacuum pan, 
and also a coil of copper steam-pipes for heating. The 
vapour from the boiling solution is condensed by inject- 
ing cold water. There is a graduated measure to 
ascertain how much syrup runs into the pan, and an 
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air-tight stick to take out the thick syrup to see when 
the operation is complete, and which varies according to 
the size of grain required in tlie sugar. 

(5.) Cerdrijugal Machines are for cleaning and dry- 
ing sugar. The sugar, with the adhering syrup, from 
the vacuum pan, is thrown into the cavity of one of 
these small machines, and is rotated by an engine 1,000 
times in a minute. The crystals of sugar are retained 
in the pcu'forated copper casing of the machine, while 
the syrup-molasses is forced into the outer case. A 
rotation of only a few minutes is sufficient for the 
drying of a charge of sugar, and separating the crystals. 
The machine is tlien stopped, and the sugar scraped 
out. From the syrup or molasses an inferior sugar is 
made — tine, seconds, or treacle. By means of those 
machines mucli time is saved in the draining of sugar ; 
they are extensively employed in England, in the sugar- 
growing countries, «nnd in other useful manufactures. 

Kngllsh Sugar Refinery is six stories high. Each 
story is separated into two divisions — one for melting 
and boiling, .the other for draining and drying. 

(1.) Baskets or hogsheads of impure colonial sugar 
are lifted by a hoist to the top story, dissolved in a 
pan with uaitor, and stirred mechanically. 

(2.) The dissolved liquor falls below from the pans 
into the filter bags enclosed in a case, and the insoluble 
matter in the sugar is removed. 

(3.) From the bag filters the liquor runs down into 
a cistern, and the colour of it is of sherry wine. 

(4.) The colour is removed and the liquor purified 
by passing it into a large iron vessel, 20 to 30 feet 
high, 5 feet in diameter, containing animal charcoal. 

(5 and (>.) Tlie liquor, bleached by charcoal, now 
runs into a tank on the basement floor, from which 
it is drawn into a vacuum pan to be formed into grains 
of sugar ; from the pan it falls below into the heater : 

(7.) Where the grains of sugar are hardened, which 
completes its formation. After which it is taken to 






ESTIMATE FOR SUGAR FACTORY. 


161 


ESTIMATE FOR A SUGAR FACTORY FOR MANUFAC- 
TURING SUGAR IN CRYSTALS. 


Machinery as shown on Plax K. 

A suffar mill, vory strong and powerful, with 3 rollers 26" 
diiimcitcT, 4' 6" long, with provision for heating hy steam. 
— Hoi-i/ontnl stoaiii-ongine for driving the same, cylinder 
15" diameter, eompleto, with double gearing; a caiie- 

eaiiier, inegass-elevator, &c., Ac 

3 Steam clarifiin-s, of 200 gallons each, with internal and 
extcTiial copi)er tubes for heating, valves, chains, pulleys, 

weights, guilei’s for scum, &c., &c 

1 Coneretor, fiill-.si/t'd, including trays, copper revohing 
cylinder, drum, self-acting fan, pump, engine, Ac., com- 
plete, willi si)are articdcs, Ac 

Copper vacuum pan, 0' diameter, 5' 6" deep, with jacket, inside 
douK', and bottom, made of solid copper without seams, 
* with ] latent seamless copper pipes, condenser, including 
fittings, with spare proof stick, barometer, &c., &c.' — ^A 
vacuum pump steam-engine, cylinder 10", air-pump 16", 
feed and cold w'ater i)umps, eompleto. --Cast-iron staging 
for vacuuTu pan, with iron stair, rails, plates for flooring, 
comidete (cost, without staging, about igiOO less) 

3 Ceiitrifag il nuiehines, for making sugar in cry.stal8, with 
a separate steam-engiuo for diiving each niachino, com- 
plete with all fittings 

1 Iron tank for iicpior fnun clarifier, 1 cistern to receive syrup 

from coneretor, 1 molasses receiver from centrifugals, com- 
ph'te with bolts, nuts, &c 

2 Steam boilirs, 21' X *'5' 6 ", with 2 flues, complete, with safety- 

valves, dampers, &c., &c 

Steam, feed, and water pipes required in the buildings, in- 
cluding 70 feet for cane-engino, .50 for vticuum ])an, &c., 
40 for exhaust, 05 for pump of pan-eilgino, 120 for cane- 
engine to boiler, 300 for suction and delivery to eoimoct 
cold-water pumps, 42 for copper canal from clarifiers, &o., 
&c., including packing and free delivery on boaid a 
vessel 


£ 

1,400 

286 

1,000 


852 

408 

85 

476 


706 


£6,211 


M 
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DIMENSIONS OF A SUGAR FACTORY. 

Machiney'y as shown on Flan J. 

Scale, 20 feet = 1 inch. 


Room, containing 
sugar mill, con- 
cretor, and other 
machinery . . . 

Boiler-house, offices, 

&c., and store- 
room .... 

Total of square feet and cubic feet 6,262 


Lciipth, 

Freadtl), 

Square ’ 

Hciplit, 

Cubic 

feet. 

feet. 

feet. 

feet. 

feet. 

122 

41 

5,002 

22 

110,044 

42 

30 

1,260 

12 

15,120 


126,161 
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The size of a sugar factory will depend on the size of 
the estate, the number of acres in canes or likely to be, 
and the amount of work proposed to bo done during the 
season. A sugar factory only works for a certain period 
during the year ; but then it works both day and night. 
The plans and estimates given are for a moderate sized 
sugar fiietory, wdiich will be applicable in a great many 
cases. The weiglit of canes from one acre varies, ac- 
cording to soil, culture, and climate, from twenty to 
thirty tons. 

The yield of solid sugar per acre, as a fair specimen, 
is calculated at 4,000 lbs. But owing to defective 
culture and the injurious mode of expressing and evapo- 
rating tlic juice in India, the yield in Bengal per acre 
is only 2,000 lbs. of -Khaur sugar, and 2,0001 bs. of 
molasses, and of such inferior quality, that if Khaur 
sells Tper Bengal maund at the rate of 3^ rs., molasses 
would not fetch more than 10 annas. The means by 
which a better result is to be attained will be by the use 
of improved cane mills, and improved machinery driven 
by steam, which has been done to some extent by enter- 
prising Europeans. Good specimens of sugar made 
with improved machinery in India in the factories of 
the lion. E. Ilorsman, the Astragan Sugar Company, 
and Messrs. Caren and Co., of Shahjehanpore, were 
shown in the International Exhibition of 1862 , and 
medals were awarded to them. 

The estimate for a sugar factory includes all machi- 
nery for producing well-formed and dry crystals of 
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sugar, and sugar of a quality required for local con- 
sumption in India and other parts of Asia, and also for 
export to Europe. In some parts of Bengal, Europeans 
have erected improved machinery for manufacturing 
sugar; but some of the machinery included in the 
estimate is so recently invented and patented that it has 
not yet been introduced into any part of Asia. 

The plan of the sugar factory is so ari*anged that 
machinery for producing pure white loaf sugar may be 
added whenever required, without any inconvenience. 
The level, and the connections of the machines with 
each other, are so adjusted that the juice or syrup, after 
being expressed, may run down, so as to dispense, as 
far as practicable, with the use of pumps. 

The sugar mill shown on Plan K, the speed of which 
is so regulated as to produce the greatest amount of 
juice from the canes, will crush about six tons per 
twelve working hours. By working it at the required 
speed, 70 and even 80 per cent, of juice will be obtained. 

The coiicretor will turn out at the rate of 950 lbs. per 
hour. It has been stated that 1 gallon of cane juice 
will produce about 2 lbs. of concrete sugar in weight. 
The total cost of all machinery, buildings, iron roof, 
charges for erection, and putting in complete work- 
ing order, may be pi*t down at £10,000. Copper enters 
largely into the composition of sugar machinery, and 
therefore the machinery is costly. 

distilled in some sugar factories from molasses 
and other impurities ; but large copper stills and re- 
frigerators are required for the purpose; and with 
improved machinery for manufacturing sugar, in a 
great many cases it will not be worth while to make 
rum. 

It is a fact that sugar refineries in England not only 
produce pure white loaf sugar, but also an equal quan- 
tity, perhaps more, of crystalline sugar of every quality 
sold in the shops in England, as it pays better. This 
is nroduced from sugar (imported from India and other 
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sugar-growing colonics) which is more deeply coloured. 
Disinterested persons have expressed in the English 
journals tlieir decided opinion that it would be more 
economical and rational to produce sugar of the requisite 
tint in the place where sugar-cane is grown and sugar 
is manufactured, at once, and then export it ; than that 
it should undergo two processes, almost similar, in the 
colonies and in England, as is the case at present for 
producing crystallised sugar. 

For pure white loaf sugar, additional machinery will 
bo required beyond that specified in the estimate, con- 
sisting of bag and charcoal filters, &c., which will cost 
about £l,'‘i00 additional. In a factory where the opera- 
tions of sugar refining are to be pushed to the highest 
point for producing pure white loaf sugar, a very large 
quantity of animal charcoal is quite indispensable. 
Charcoal entirely removes colour from the sugar solu- 
tion, making it as colouidcss as pure water. In England 
one ton of charcoal is used to J)urify one or two tons of 
sugar, according to quality. But, unfortunately, in a 
very shoi't time, from 24 to 72 houi's, the power of the 
charcoal becomes exhausted. It is restored again by 
heating it to redness in expensive furnaces. Thus, not 
only is a large quahtit}^ of charcoal required for 2 )ro- 
ducing pure white loaf sugar, but it is required to be 
repeatedly burnt. A sugar refinc||| for })roducing pure 
white loaf sugar will not pay in Tridia unless fuel should 
become very abundant and cheap. 

As a rule, the pure white loaf or lump sugars can- 
not with advantage be turned out in sugar-growing 
countries ; but any varieties short of those qualities 
could, under a proj^er application of machinery, be more 
profitably manufactured in India, and other parts of 
Asia, than in England. 



IMPORTS OF RAW SUGAR FROM INDIA AND THE EAST INTO GREAT BRITAIN. 




* From Heed’s Sugar and Sugar-yielding plants Heturns for 1S65-66, from Board of Trade Ketums. 
t.From^Statistical Abstracts presented to Parliament. 




MANUFACTURE OF OILS. 



INTRODUCTION. 

Oil seeds are valuable and interesting substances, 
used for a variety of purposes. The trade in linseed, 
rapesced, and other seeds, and infcocoa-nuts, between 
India, and England and France, has during the last few 
years increased enormously, especially since the Crimean 
war. The oils most extensively used in Europe are 
linseed, rapesecd, cocoa-nut, palm, and castor oils. 

The vegetable oils are for the most part obtained 
by expressing, the seeds being previously ground or 
bruised. Some seeds after this treatment readily yield 
to pressure, and give what is known as cold-drawn oil ; 
others give up their oil with difficulty, and it becomes 
necessary to heat the bruised seeds previous to pres- 
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sure ; then the oil becomes more easy of separation. 
The means adopted for expressing oil from seeds and 
nuts up to the present time, as may bo seen on the 
Malabar Coast and in other parts of Asia, are the 
same as those adopted in the early stages of civilisation 
in Europe. The apparatus is very primitive, consist- 
ing simply of a few poles driven into the ground and 
supporting two cross bars, between which a bag con- 
taining the seed is placed. A lever is brought to bear, 
causing pressure upon the seed, from which the oil is 
expressed. This rude apparatus is slow and ineffi- 
cient. In England, in tliQ first instance, stampers were 
introduced from Holland; then the screw-press, and 
lastly the hydraulic press — now in general use. "With 
stampers it was necessary to work the seeds twice over, 
whereas with the hydraulic, press it is only necessary 
to work them once. The saving of labour is 25 per 
cent., and the yield of oil is the same. For all prac- 
tical purposes it has been found, from actual trial, that 
the screw-press and the stamper are far inferior to 
the hydraulic press. But even in the latter, with the 
emptying and discharging, the process is constant 
and laborious. Oil^machinery, even the best now in 
use in Great Britain, is not so perfect and self-acting 
as machinery in other branches of industry ; but still 
Asia ought to take every advantage of the improved 
machinery now in use in the most civilised parts of 
the world at the present time, instead of the rude 
apparatus at present employed for the purpose of ex- 
pressing oil. 

When oil is expressed with rude and imperfect 
machinery, it becomes foul, rancid, and discoloured in 
a long sea voyage, and its value diminishes ; but if 
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carefully pressed with improved machinery it remains 
fresh, and fit for the purposes in the arts and manu- 
factures to which it is applied. 

Linseed Oil is obtained by expression from the seeds 
of the common flax plant. In the Bombay Presi- 
dency, and in otlicr parts of India, the plant is largely 
cultivated exclusively for the seeds, and not for the 
flax-fibres from which linen and other fabrics are made. 
For the production of linseed a hot climate is very 
favourable, as the yield is greater, and the seeds larger, 
plumper, and more oily than in temperate countries. 
Seed-crushers in England find the flax-seed of India 
the most productive, as it contains six per cent, more 
oil than the seeds imported into Gi*eat Britain from 
Russia. Cold-di‘awn linseed oil of a light yellow colour 
is better than that expressed with heat ; but by heat- 
ing, the seeds yield seven per cent, more oil. Linseed 
oil is the most useful and important of all the drying 
oils. It attracts oxygen from the air and solidifies, and 
this ])ropcrly renders it valuable for the purpose of 
making varnishes and paints. It is used also in the 
manufacture of printers’ ink, by allowing it to burn for 
some time, and then mixing it with lamp-black. The 
seed exported to England from India is all consumed by 
the oil mills. After expressing the oil, the seed-cake 
which remains is most extensively employed for feeding 
cattle. Linseed cake forms an item in the imports 
from America and from certain European countries 
into Great Britain. 

Rape Seed Dili after bemg purified, is largely used 
in England for lubricating^ machinery ; for which pur- 
pose it is in great demand, the demand increasing with 
the extension of machinery. For s,tationary or loco- 
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motive engines where high speeds are required, it is 
stated to be particularly adapted. For marine engines, 
these qualities, combined with absence of odour, render 
it much valued. Some idea of the consumption may 
be formed from the fact that one single Railway Com- 
pany in England, the London and North-Western, 
consumes annually more than 40,000 gallons of this oil, 
for lubricating their locomotives alone, which quantity 
it is stated would be equal to the production of 1,000 
acres of land. 

The Castor oil plant is also a native of India, where 
it grows to a considerable size, and lives for several 
years. The oil is obtained from the seeds by express- 
ing. In Calcutta it is prepared by crushing it between 
rollers, then placing it in hempen cloths, and pressing 
in an ordinary screw-press. The oil is then heated in a 
boiler with water, strained through flannel, and put into 
cans. The best East India castor oil is sold in London, 
as ** cold drawn.’' 

Cotton Seed Oil is now an important article. There 
arc several mills in England for producing it, and cotton 
seed-cake as food for cattle. The oil is used in the 
manufacture of soap. Owing to the enormous quantity 
of cotton produced in India, there is always an abund- 
ance of seed, which it would be desirable to turn to 
more profitable purposes than is done at present. In 
America the seeds are pressed near the cotton plan- 
tations, as they are bulky, and the cost of transport is 
necessarily great. The husk and attached fibre are 
used in paper-making, and the cake after expressing 
the oil is nearly as valuable as linseed cake. 

Cocoa-nut Oily expressed from the fruit of the palm- 
trees grbwing so luxuriantly in the south of India and 
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other parts of Asia, is principally employed in Europe 
for the manufacture of candles and soap. It is bleached 
by acids, or by the combined influence of air, heat, and 
light. A white crystalline fat is separated, for making 
candles ; also a glycerine, which is extensively used 
now-a-days in the arts, and even in medicine ; and the 
residuum of the oil is converted into a fine hard pitch, 
fit for any purposes to which ordinary pitch is ap- 
plied. The soap made from cocoa-nut oil is very white 
and light, and to a larger extent soluble in water than 
any other soaps; it is useful in washing, also, with 
salt-water. 

The Tallow Tree has been introduced from China 
into India lately, and flourishes with great luxuriance 
in the Dehra Dhoon, in the Dhoons and Kohistan of 
the North-Western Provinces, and in the Punjaub ; 
and there arc now tens of thousands of such trees in the 
Government plantations. The tallow prepared from 
the seeds has been tested on the Punjaub Railway, as a 
lubricator for locomotive machinery. The leaves of this 
plant also make valuable dye. 

A large quantity of oil is used in the manufacture of 
soap and candles in England, and other countries. 
Price’s Candle Company possesses cocoa-nut planta- 
tions in Ceylon, and employs eight hundred workmen 
in its several manufactories in London, using a capital 
of nearly half a million sterling, and dividing profits to 
the extent of £40,000 per annum. Till quite re- 
cently, the linseed oil required for Government use, 
throughout India, was wholly sent out from Europe ; 
and it is only within the last few years that it has 
been found out that the native grown linseed is quite 
as good as the best which can be had in Europe. In a 
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country where the people are so extremely fond of 
retaining old methods, and so slow to recognise the 
science and improved methods of European countries, 
it would be better if Government were to give more 
stimulus and inducement to new branches of industry. 
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MANUFACTURING PROCESSES. 

.) Seed Crushing Rollers , — A self-acting elevator, 
revolves, takes a certain quantity of seeds each 
time, by small buckets, from the 
heap to a flat screen or shaker, 
which is kept constantly moving 
to clear the seeds of all foreign 
matter. The seeds arc caused to 
descend equably between two 
heavy crushing iron rollers, re- 
volving in opposite directions, and 
so adjusted as to take in different 
sizes of seeds. A pair of rollers 




will crush on an average 4 tons of 
seeds per day. For cocoa-nuts a 
rasping machine is employed, for 
cutting and reducing the copra to 
such a consistency as^to prepare 
for the second process. 

(2.) Grinding the Seeds , — The 
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second operation consists in grinding the seeds under a 
pair of edge stones, weighing about 7 tons. In the 
circular path of the edge stones the seeds fall from the 
rollers; and as they go round about seventeen times 
per minute, the seeds are crushed not merely by the 
weight of the stones, but also by a rubbing motion. 
In about half-an-hour the seeds are sufficiently ground 
into a paste. A knife revolves with the stones for turning 
up the mass and detaching that which adheres. The 
stones, if of good quality, wiU last for a great length 
of time, but will require to be faced every three years. 



One pair will grind sufficient seed for two double 
presses. The stone generally used is the best Derby- 
shire, furnished with iron plate and ledge many inches 
deep. 

(3;) Heating Seeds . — The pasty mass of crushed seeds 
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is generally heated in a double steam kettle, which con- 
sists of two round chambers, one over the other. Round 
the sides and bottom is the space for admitting steam ; 
and in the middle of the pan are two arms or stirrers, 
revolving 36 times a minute, which keep the seeds 
agitated, so that every particle may come in contact with 
the heated sides. After a few minutes, 
when the bruised seed is sufficiently heated, 
the double door is opened, and the con- 
tents discharged by the action of the 
revolving stirrers. The heating operation 
is continuous — by first charging the upper 
chamber, then the lower, where the seeds 
remain till required. The seeds fall by an 
orifice into a bag. 

(4.) Bafjs, for receiving the heated 
paste of the seeds, and placing in the 
hydraulic press, arc made of strong cloth 
W’ovcn on purpose. After being filled, 
they arc plac.ed separately between what 
arc called the hairs, which are bags made 
of horse hair, with an external covering 
of leather. The bags are .expensive, and 
on account of the great wear and tear are 
required to be renewed every year. One 
set of sixteen will cost about £135. 

(5.) Expressing Oil , — ^For expressing the heated 
seeds the hydraulic presses used are double. Each single 
press is fitted with four boxes, and receives four bags 
of heated seed paste. The attendant first fills one 
single press, opens the communication, and brings a 
pressure to bear ; and while this is going on, the second 
single press is being filled, the valves of the press pumps 
are opened, and a total pressure of about 300 tons is 
exerted. The oil from the seed paste passes through 
the canvas bag, then through the hair bag, then i;ound 
the upper portion of each box, and by pipes goes in 
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a cistern. The oil cakes are put into a kind of rack to 
cool and dry, so that they may not become mouldy 
when stored. For emptying and charging the press, 
and for expressing the oil, it takes about ten minutes. 
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ESTIMATE FOR AN OIL MILL. 

Machinery as shown on Pla.n I. 

Elevator for €jlovating oil- seeds, complete ; a pair of rolls for 

crushing seeds, diameter 27" and 21", complete . . .173 

(Jocoa-nut rasping machine, with knives and fittings complete 

(only required for cocoa-nuts, not for socjds) ... 96 

Grinding-stones, for grinding seeds, heat Derbyshire, furnished 
with plate and ledge 7" deep, fitted with shaft diameter, 

weight 10 tons, complete 138 

Steam-kettle for heating seed-paste, furnished with stirrers, 100 

feet steam-pipes, pressure-gauge, &c. ..... 52 

Bagging for containing heated soed-pasto for pressing, 32 hairs 

with double leather backs, including one extra set, comploto 264 
Two double hydraulic presses for expressing oil, with 8 boxes 
in each double press, or 16 boxes in all, diameter of rams 12", 
including a set of patent doublo-iiumps, with indicator, com- 
plete. (If required extra strong, weighing 26 tons, add 


about £165.) 527 

Four oil cisterns G'X8'X8', with glass indicators, a force-pump 
for forcing oil from the presses to the stock-cistem, 68 feet 

pipes, with small cisteiTi, comploto 192 

lligh-pressme stoam-ongino, cylinder IQ" diameter, stroke 2' 6", 
with expansion -valve, governor, force-pump, water-heater, 

&c. ; boiler, furnished with patent tubes, complete, with 
water-gauge, safety-valves, and all fittings .... 520 

Gearing, including shafting, 6 diameter, spur and bevel wheels, 
pulleys, independent iron framing, iron columns, heavy iron 

girders, complete 360 

Miscellanoous and extras, including cake-tables and strippers, 
leather straps for hairs, leather rings, copper rivets, &c. 
(Packing and free delivery on board) 200 


N 


£2,522 
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DIMENSIONS OF AN OIL MILL. 
Machinery as sJmm on Plan K. 
Scale, 10 feet 8 inches = 1 inch. 



LenjBcth, 

feet. 

Rreadth. 

feet. 

S(juare 

teet. 

Height, 

feet. 

Cubic 

feet. 

Boom containing machinery ) 
for expressing oil and en- > 
) 

46 

26 

1,196 

11 

16,744 

Boiler-house 

22 

17 

374 

10 

3,740 

Seeil store-room .... 

20 

14 

280 

13 

3,640 

Offices . 

20 

14 

280 

13 

3,640 

Cake warehouse* .... 

14 

26 

364 

12 

4,368 

Oil-tanks room* . . . ,^ 

18 

26 

468 

12 1 

5,616 

Total of square feet and cubic feet 

2,962 


37,748 


• Not shown on plan. 
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The oil mill for which the estimate and plan are given 
is on what is called the self-supporting principle ; that 
is, all the machinery is self-supporting on independent 
iron framing, consisting of columns and heavy girders, 
and worked quite independently of any buildings. 
The machinery consists of two double hydraulic presses, 
each double press with eight boxes, or sixteen boxes in 
all, with preparatory machinery adapted for crushing 
every description of oil seeds, as well as cocoa-nuts. 

The y ield of oil from the seeds will vary according to 
the quality of seeds. 


1 Quarter of Bombay linseed jdelds from 125 to I tO lbs. of oil. 

1 

(Calcutta „ 


118 to 130 „ 

1 » 

liussiau „ 


108 to 116 „ 

1 » 

Bombay rapeseed 

>» 

120 to 145 „ 

1 » 

Gujjerat „ 

tf 

140 to 180 „ 

1 

Calcutta „ 

ff 

115 to 135 „ 

Cocoa-nut 


fj 

GO to 65 per cent. 

Cotton seed 


11 

16 to 20 


Linseed is worked once over, rapeseed twice over. 
Calcutta and Bombay seeds require to be watered in 
working, whereby they gain from 3 to 10 lbs. What 
remains after pressing the oil is called the oil-cake. 

Oil^cake . — There is always so much seed paste put 
into the boxes of each hydraulic press, that, after the 
oil is expressed from it, each cake will weigh 8 lbs. In 
an English oil mill one man turns out a set of cakes 
from each double press in ten minutes, consequent 
each double press with eight boxes makes 80 lbs 
cake in ten minutes. The use of oil-cake for ft 



180 


MANUFACTURE OF OILS. 


cattle increases every year in Europe ; it is an article 
of import into Great Britain from America and other 
places, and a large quantity is also manufactured in 
England. 

Plan K shows the arrangement of the oil machinery. 
The store-room for linseed is of a size to hold 200 
quarters, about a week’s stock ; but the size may be 
doubled. The oil-tanks and oil-cake house are not 
drawn to scale on plan. The oil is pumped from the 
presses to the iron tanks; the stock tanks may be 
placed at any distance, and in any position as regards 
the mill, and connected by pipes. 

Wages . — ^In an oil mill in England wages range 
from 24 to 10 shillings per week. The foreman is paid 
30s. per week. No more than ten hands are required 
in a mill of two double presses. 

As per estimate, the machinery with two double 
presses will cost £2,500, and, including freight, in- 
surance, cost of buildings, iron roof, erection of ma- 
chinery, &c., the total cost of the oil-works may be put 
down at less than £6,000. 

Production . — ^The oil mill, with two presses and 
sixteen boxes, for which the estimate is given, will, by 
working ten hours a day, crush 9,360 quarters of 
Bombay linseed per annum. The production of linseed 
oil will be say 564 tons, and of linseed cake 1,174 tons. 
A ton of oil, linseed or rapeseed, contains 240 gallons, 
and occupies 38^ cubic feet. A cistern 8x8x6 feet 
will contain 2,393 gallons. Oil mills in England gene- 
rally work day and night. 

Profits . — ^The following table shows the amount of 

□fit derived, after deducting all expenses, wear and 
^ Jby one of the oil mill proprietors in England, in 
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five successive years, by working Bombay linseed in 
two double presses, sixteen boxes in all : — 


Linseed 
bought 
per qujirter. 

Oil sold 
per ton. 

Oil cake sold 
per ton. 

Profits 

12 montlis. 

s. 

£ 8. 

£ B. 

£ 

52 

28 5 

9 10 

1,528 

56 

30 0 

10 0 

1,230 

72 

45 0 

10 0 

2,202 

66 

37 10 

9 10 

1,193 

59 

31 0 

10 10 

977 


As an example of the fluctuations in profits, and the 
difibrcnce in pressing different seeds in the same year, 
the following figures will suffice, the amount of 
machinery being the same : — 

Cotton seed bought at . . . . £8 Os. por ton. 

„ oil sold at ... . £31 Os. „ 

„ cake sold at . . . . £6 5s. j, 

Profits realised in one year £4,046. 

Rape seed bought at . . . . £3 7s. per quarter. 

„ oil sold at £49 Os. per ton. 

„ cake sold at . . ’ . . £5 15s. „ 

Profit realised in one year £2,333. 

The Bombay Oil Mill was started for pressing cocoa- 
nuts, but it failed through special and easily explicable 
causes. A European was engaged in the capacity of 
mill-manager, and sent over to England, and a respecta- 
ble firm was instructed to purchase machinery according 
to his recommendations, which was accordingly done. 
The oil mill consisted of two double presses, and other 
machinery for pressing oil, the same as specified in the 
estimate, made to fit a particular building at Goa. 
A timber mill was also attached to it, to be worked by 
one engine. When the machinery arrived it 
erected, not at Goa but in Bombay ; the timber 




182 


MANUFACTURE OF OILS. 


was left out ; and before the oil machinery commenced 
to work, the European manager had already received 
for his double passage to and from India, and as salary, 
more than £1,000, which was a pure waste. Besides, 
the steam-engine power was three or four times more 
than actually required. Under these circumstances 
failure was inevitable. 

All oils and fats, when treated with soda or potash, 
yield soap. The general method of soap-making is the 
same for all kinds, though it varies in soifte particulars 
according to the kind of oil or fat. Soap is manu- 
factured in cast-iron pans built in brickwork, into 
which steam pipes are introduced for heating the oils 
with potash or soda. 

Saint Brothers have an establishment at Cossipore, 
where stearine candles are made, which are hard, white, 
and dry, and were shown at the International Exhibi- 
tion in 1862. 
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OIL SEEBS AND OIL EXPORTED FROM INDIA TO 
OREAT BRITAIN.* 


Year. 

Seeds, 

({I'M. 

'N Blue — Seeds, 

£ 

Value— Oils, 

1865 



1,912,433 

217,730 ' 

1804 

— 

2,032,832 

422,175 i 

1863 

844,090 

1,833,851 

372,107 

1862 

582,768 

1,206,331 

209,502 

1861 

983,882 

1,785,526 

247,094 

1860 

1,129,167 

1,548,721 

180,066 

1859 

— 

2,059,445 

192,562 

1858 

— 

1,380,001 

265,271 

1857 

364,506 

1,118,654 

179,164 

1856 

- - 

1,273,457 

154,540 

1855 

611,655 

812,799 

130,958 

1854 

311,9.36 

471,797 

104,170 

185,3 

282,480 

448,770 

90,039 

1852 

309,982 

501,420 

92,722 

1851 

218,762 

339,514 

129,121 

1850 

130,243 

216,610 

106,947 


* Statistioul Abfttracta presented to Parliament, 1S67. 


COCOA-NUT OIL EXPORTED FROM CEYLON TO 
GREAT BRITAIN.* 


Year. 

Quantity, 

cwts. 

Value, 

£ 

1864 

180,761 

224,955 

1863 

152,076 

189,232 

1862 

116,084 

143,216 

1861 

83,608 

104,042 

1860 

129,698 

161,403 

1859 

98,006 

121,964 

1858 

66,001 

82,134 

1867 

142,026 

223,254 

1856 

87,396 

105,383 

1855 

99,168 

144,227 

1854 

98,218 

138,547 

1853 

99,914 

116,017 

1852 

70,848 

69,209 

1851 

38,828 

34,371 


* From StatiBtical Abstract of Colonial and other Possessions, 1866, 
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In places 
where coal is 
difficult to pro- 
cure, oil may be 
advantageously 
substituted as 
a source of gas 
for illuminat- 
ing purposes. The oil 
employed for this pur- 
pose is the crudest and 
cheapest that can be 
procured; even such as 
is quite unfit for burn- 
ing in the ordinary 
manner is sufficiently 
pure for making oil 
gas. The illuminating 
power of oil gas is 
twice as much as that 
of ordinary coal gas. 
The process of making 
it also is much more 
simple, as it requires 
far less purification, 
and the production of 
gas is large compared 
with coal gas. In 
Liverpool, Bristol, 
Hull, and other places 
in Great Britain, ex- 
tensive establishments 
one time erected to produce gas from oil ; 
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but as coal is so cheap, and the commonest oil far too 
expensive, the manufacture of gas from oil has been 
discontinued. But in several places in India, and other 
parts of Asia, the manufacture of oil gas will be advan- 
tageous, besides being an admirable means of using up 
impure oil, refuse fat, and such other materials for the 
production of light as could not otherwise be employed, 
or could only be applied to the lowest uses. 

Oils, fatty substances, and coal, contain a very large 
portion of compounds and other ingredients required 
for illuminating purposes. But combined with coal or 
oils, there are other substances which are not required, 
which do not contribute to the illuminating power, and 
w’hich may be separated when gas is manufactured. 
Coal contains more impure substances than oils ; hence 
the manufacture of gas from coal requires more purifi- 
cation than that from oils ; besides which, the principal 
illuminating ingredients predominate more in oils than 
in coal, which is one great advantage in manufacturing 

gas from oils. ^ n i 

The superiority of gas over the dim oil lights was 
seen in Bombay so late as 1866, and in Calcutta in 
1860, when it excited at first as much popular attention 
as it did in England when the first public display of 
gas was made in the year 1,798. The time seems not 
for off when every town, even in a country like India, 
will be lighted with gas, and the dim oil lamps entirely 
displaced. For brilliancy, nothing practically sur- 
passes the light from gas. Within the last few years 
gas has been also extensively used for cooking food, 
and for other heating purposes. 

The late Framjee Cowasjee — a gentleman whose name 
will always be held in grateful memory as one who, 
without having had the advantage of receiving a good 
education, did more to introduce new industrial enter- 
prises in ^W^estern India than any other native of India 
lifts yet donft — wHon li6 li^litod. his mftnsioii ^with 
and (to celebrate the event) gave a dinner to his feij 



186 


MANUFACTUKE OF OILS. 


some were made sick by the noxious smell, seeing that 
at that time no improvements had been effected in 
purifying the gas. But now gas apparata are made, 
not only for large towns, but of any size and for any 
number of lights, for placing near factories, gentlemen’s 
mansions, and other public buildings, without pro- 
ducing any unpleasant odour, and made so simple in 
construction that any person could work them with case. 

Notwithstanding the present entire absence of any- 
thing like gas in the interior towns in India, and other 
places in Asia, there is little doubt that its manufacture 
from refuse oils, or other comparatively useless fatty 
substances, requires only to be developed to be duly 
appreciated. Once introduced, its consumption will 
increase, and in proportion as attention is paid to im- 
provements in its manufacture, in the fittings, and in 
the inode of burning, it will become more and more 
generally adopted in large towns, and even in private 
houses, so as to supersede at last almost all other 
sources of artificial light. 

In the manufacture of gas, the first process is to heat 
the material in a close iron retort by a furnace in the 
usual way. The oil is allowed to 
flow in a continuous stream from a 
tank to the retorts, in which small 
pieces^ of brick are introduced to 
increase the heating surface, and 
to shorten the time for the pro- 
duction of gas. The oil is decom- 
posed by a slow red heat, and is 
converted into illuminating gas 
and tar, which both escape as 
vapour by a pipe. The tar gas, 
being heavy, deposits the tar in a small cistern, which 
is always kept half full ; while the other gas is con- 
ducted away to be purified. 

The gas which escapes by the pipe from the oil re- 
^contains impurities which require to be separated 




OIL GAS. 


187 


from it. Lime is used for purifying, and the gas is 
passed into a suitable vessel containing it, which 
takes away the sulphuretted hydrogen, carbonic acid, 
and other matters. The gas is then stored in a gas- 
holder, ready to be distributed by pipes in the places to 
be lighted. In the bottom part of the gasholder is a 
tank of water ; in the upper is the vessed of iron sus- 
pended by chains, moving up and down freely. The 
gas, from the force it acquires by being expelled fiom 
the oil, presses on the surface of the water, and causes 
the iron gasholder which holds the gas to rise ; and in 
proportion to the quantity entering, so does the holder 
rise out of the water. 
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PEICES OF OIL GAS AND DOUBLE EETORT APPARATUS, 

COMPLETE, 

TNCLUDTNO EETORTfi, PUK1FIER8, GASHOLDERS, AND FlllB-HKICKS. 


No. of 

Price. 

Burners.* 

£ 


26 

10 

58 

20 

75 

30 

92 

40 

120 

70 

195 

100 

231 

200 

370 

300 

480 

400 

588 

500 

781 

800 

1,061 

1,200 

1,225 

1,573 

1,600 

2,000 

1,925 


Each burner will consume IJ cubic foot of oil gas per hour; for the 
same intensity of light 3 cubic feet of coal gas would be required. Ono 
gallon of oil will yield 80 cubic feet of rich gas. 

The price of gas in London is 4«. per 1,000 cubic feet. 

In Cdcutta, the price charged by an English company is 12«. 

The cost of oil gas in India, as tried for several months, is 16j. 6</. 
per 1,000 cubic feet from cotton-seed oil. 


Each burner burning on an average three hours. 
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INTRODUCTION. 


Of all the useful arts there are few 

which contribute so much to human 1 

haiipincss, and to elevate and im- 

prove mankind, as the arts of writ- r 

ing, printing, and paper making. In q 

the primitive ages people were satis- 

fied with writing on stone, metals, 

and bricks. Subsequently more 
pliable textures were employed, such ' 

as skins of sheep or goats, and leaves 

of trees. Books formed of such leaves - 

have been preserved in the libraries r - 

of Europe ; and the practice of writ- '' ° 

ing upon leaves of trees is still in 

use in some parts of Asia up to the 
present day. 

The invention of the paper manu- mjtzr 

facture is most valuable and useful, 
as it saves infinite trouble, labour, 
and time ; and without it every other — I ’ 

discovery would have continued 
useless to society. The civilisation 

of mankind depends mainly on the 

diffusion of knowledge, and paper is iizzz 

the most essential medium for dif- f- 

fusing that blessing to the human — « 

race. 

China originally gave birth to 

the invention of paper. The art 

of making paper from vegetable matter reduced to 

pulp was known and understood in China cent * 



190 


PAPER MANUFACTURES. 


before it was practised in Europe, and carried to 
some perfection. There is no doubt that the novel 
idea of reducing a vegetable to a liquid state for the 
purpose of obtaining by deposit a smooth thin flexible 
sheet is due to the Chinese. These ingenious people 
make paper from cotton, hemp, rice straw, a species of 
mulberry tree, and from the bark of the bamboo. The 
young stalks of the bamboo are cut and throwm into a 
reservoir of mud and w’ater for a fortnight, to soften 
them, and then taken out, cut, and exposed in the sun 
to dry and bleach. After this the pieces are boiled in 
large kettles, and reduced to pulp in mortars by hand. 
Some glutinous substance is mixed with it, and the 
whole beaten together to the required thickness with 
water, and placed in a vat. A workman dips a sort of 
framed sieve into this vat, and on raising it, and shak- 
ing it, the water passes otf through the hoh^s of the 
sieve, and the stuff remains on the surface, whereby a 
sheet of half-formed paper is made. This is pressed 
against a smooth surface near a stove, so that the sheet 
of wet paper may adhere. By the warmth of the stove 
the water evaporates rapidly ; and before the paper is 
quite dry it is brushed over with a size made from rice, 
which soon dries, and the paper is then stripped off* in 
a finished state. Such is the rude process by which 
not only in China, but in India and other parts of Asia, 
palmer is made, with some slight modifications, up to 
the present time. 

In Europe the manufacture of paper was introduced 
only in the fourteenth century. The first paper mill 
in England was erected in 1588 by a German, for 
which he received the honour of knighthood from 
Queen Elizabeth, and a licence was also granted to him 
for the sole gathering of rags for making paper for ten 
years. Till 1765 scarcely any high degree of perfection 
was reached. Paper made in Europe by hand at that 
time is thus described — ^the Venetian as neat, subtle, 
j^pourt-like — ^the French light, slight, and tender — 
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the Dutch thick, corpulent, and gross, sucking up 
ink. 

Up to the end of the eighteenth century paper was 
made by liand in Europe. The honour of inventing 
that beautiful contrivance, the continuous paper machine, 
which has contributed so much to the advancement of 
civilisation, is due to a Frenchman. It was only in 
1803 that the first paper machine for making pa23er 
continuously was worked in England. Chlorine gas 
was soon adopted, by which the deepest coloured rags 
for making paper were deprived entirely of their 
colour, and rendered quite white. In place of the 
old fashioned mortars and mallets, engines were es- 
tablished. In 1840 sand-traps for catching gravel and 
other impurities in the pulj) were used ; and in the same 
year suction pumps wore employed to carry off by 
degrees a groat portion of water contained in the pulp 
from the wire-cloth on which paper is made. To 

{ )erfect the continuous paper machine, one single firm 
aboured for six years, and expended £60,000 on it. 
The amount was so largo that they became bankrupt, 
as their patent, owing to some technical objections, Avas 
declared yokl. Dy the improvements effected by the 
firm the cost of making paper was reduced from six- 
teen shillings to three shillings and ninepence per 
hundredweight. In 1849 paper-making advanced stiU 
more rajiidly OAving to improvements in machinery. 
The composition of pulp was better studied. Between 
1852 and 1857 no less than one hundred and foi'ty- 
seven patents were taken out in England for improve- 
ments in paper, but chiefly for new materials for the 

The principal improvement in paper-making by 
machinery is the adaptation of an endless revolving 
Avire cloth to receive the paper pulp with an endless 
felt, to which in its progress the paper is transferred 
by self-acting motion ; this is so quickly done that at 
one end of the paper machine the wire cloth rco^ 
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the constant flow of liquid pulp, and in the course of 
two or three minutes at the other end of the machine 
it comes out in the form of finished paper. 

The largest paper that has been made by hand is 
53 by 31 inches ; and so great is the weight of pulp 
for making a single sheet of this size, that no less than 
nine men are required ; whereas with the continuous 
paper machine, not one sheet only, but a continuous 
sheet of any length, and eight feet wide, is draAvn out 
and wound on reels. What is more ; the work which 
occupied three weeks by the old method by hand is 
now done in as many minutes by the improved paper 
machine. Paper may be made by this machine con- 
siderably less than a thousandth part of an inch in 
thickness ; and although so thin it is capable of being 
coloured and glazed. 

The raw material used in England for making paper 
is chiefly worn-out rags, which would have little value 
if they were not used for that purpose. Cotton and 
linen rags are the best, though hemp, jute, and rags of 
other fibres are used for mixtures. Cotton and linen 
rags afford the greatest facilities for manufacture, and 
nearly all are made into white paper. Old ropes, old 
cotton bagging, and the sweepings of cotton mills also 
furnish a large supply for wrapping papers. Sj^anish 
grass and straw are also used in English paper mills as 
an auxiliary to rags, and in conjunction with cotton or 
linen rags. It has been proved that paper can be made 
from any vegetable fibre which will combine into a pulp. 
The only question is the cost of production of paper from 
that material. England requires upwards of 120,000 
tons of tags for making paper every year, a large pro- 
portion of which is imported from other countries. 

For several years past a newspaper has been printed 
in Sweden upon paper made from horse dung. Some 
of the soluble parts in its manufacture are carried off 
and used for manure. 

America, at a time when war was raging be- 
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tween North and South, and the supply of cotton rags 
fell short, great attention was paid to other substances 
for manufacturing paper, and patents were taken out, 
and worked successfully, for making paper from wood. 
The establishment of the American Wood Paper Com- 
pany, in America, covers ten acres, and their works 
were completed in 1866 at a cost of 1,000,000 dollars. 
They are the largest in the world for the manufacture 
of wood pulp, producing 34,000 lbs. of pulp per day. 
In otlicr works the wood is first cut into fine chips by 
machinery, then boiled in a chemical solution in closed 
boilers, which renders it soft. From the pulp the 
chemical solution is drained, and conducted by pipes into 
furnaces, where by a patent process eighty-five per cent, 
of the substance used in boiling is recovered and used 
again. It has been stated that without this patent 
process of recovering the chemical used, the manufac- 
ture of paper from wood pulp would be a failure com- 
mercially. With the wood pulp a portion is mixed of 
straw pulp ; and paper thus made at these American 
mills without any rags is of sufficiently good quality to 
be used for printing newspapers. 

In the United Kingdom there are no less than 430 
paper mills spread throughout the whole country. 
Some idea of the extent of these works may be formed 
from the fact that in one of them, from the very refuse 
of our clothing and rags, there is made on an average 
every day forty miles of paper in length and more 
than five feet wide. Paper is an important branch of 
trade in tlic United Kingdom, already worth six 
millions sterling, and employing a large number of 
hands. 

In the United States, in 1860, there were more than 
555 paper mills, producing paper of the value of 
17,148,194 dollars. But not only in Great Britain and 
America; in France, Austria, Denmark, Spain, and 
other • countries in Europe, paper mills turn out 
thousands of tons of paper every year. 
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In India, China, and other parts of Asia, paper w 
made in large quantities, but by hand. Over all Asia 


there are hardly half-a-dozen continuous paper machines 
working at the present time. Asia has an enormous 


popidation, producing vast quantities of cotton clothing, 
which, though worn more than in Europe, is still of 
great value for making paper. The supply of raw 
material is abundant. It behoves her to take every 


advantage, as all European nations have done, of the 


recent applications of improved machinery, by which 
the facilities for producing cheap paper have increased 


so much, and so great a saving of exj^ense, trouble, and 
material has been effected. 
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MANUFACTURING PROCESSES. 

(1.) Rag Catting . — The rags are cut into small pieces 
about four inches square, by women, who stand at a 
table the upper part of which is covered with a netting 
of coarse wire, a large knife being fixed in the centre 
with which they cut the rags, and keep different 
qualities of rag in the several divisions of the box. 

(2.) Rag Dusting Machine . — The rags are put into 
this machine, which is a large cylindrical cage or drum, 
covered with iron wire, six feet in diameter, and 
having a revolving shaft with a number of spokes in the 
interior, which toss and shake the rags. The machine 
inclines on one side ; and the rags being placed on the 
top, a large proportion of the loose dirt is beaten out by 
the time they reach the bottom. 

(3.) Rag Boilers . — ^As the rags contain more or less 
grease, to get rid of it, and also to some extent to 
weaken the adherence of colouring matter, they are 
boiled with lime or soda in a boiler, which is made to 
revolve slowly round and round by the steam-engine. 
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thus causing the rags to be frequently turned over. 
The old plan in Europe was to boil in a cast-iron vessel 
by the direct action of the fire, and thus the piwes 
which adhered to the sides were burnt. A ^eat im- 
provement was introducing steam for heating pipes 
for the alkaline solution, and contrivances for filling 
and emptying the rags, and making the boiler revolve. 
(4.) Washing Engines.— hftei the rags arc boiled, 
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tition ; a constant stream of pure water flows in at one 
end, and the dirty water passes off by a waste pipe. 
An iron roll furnished with knives revolves, and there 
is a fixed plate also at the bottom with knives. As the 
rags are drawn by the rapid rotation, they are cut by 
the knives to about one-sixteenth of an inch. The 
distance between the fixed and revolving knives is 
adjusted as required. There are other contrivances by 
which no material is allowed to be carried away with 
the dirty water, and for other purposes. 

(5.) Bleaching Vais . — The pulp or half stuff is let 
down from the washing engines into vats built of brick. 



stone, or other material, for the purpose of bleaching or 
making white with chloride of lime. The quality which 
distinguishes the paper of the present day is its white- 
ness, which is obtained by bleaching ; sometimes the 
bleaching solution is introduced into washing engines, 
and allowed to run about twenty minutes, then emptied 
to the bleaching department, where it remains for some 
hours. The stuff is then submitted to the action of an 
hydraulic press. 

(6.) Beaming Ekgmea.—ToR pulp after bemg bleach^ 
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is placed in these engines, which are similar to the rag- 
engines, — the only difference being that the cylinders 
with teeth are made to move much faster, about 150 
times a minute, so that the half stuff’ is reduced to a fine 
pulp fit to be made into paper. Supposing the revolving 



cylinder has eighty-four teeth revolving 150 times a 
minute, and the bottom plate has twenty-one knives, in 



one minute it will make no less than 264,600 cuts. 
Thus a large quantity of pulp is turned out in a few 
hours, which could not be done by the rude stampers 
used in India. When colouring matter is required to 
hide the imperfections in paper, it is introduced into 
the beating engines. Eeceiitly a centrifugal pulp 
engine has been introduced to supersede the beating 
engine. 

(7.) Paper making and Drying Machine . — From the 
beating engines the pulp when sufficiently ground runs 


MANUFACTURING FROCKSSKS. lOjj 

into large iron chests called &tuff c/iests, in which an 
agitator is kept in motion for diluting the pulp with 
water. The stuff falls into a trough below, and passes 
through a brass plate pierced with very minute holes, 



by which all knots or impurities arc held back. The 
clear pulp is received upon an endless revolving wire 
cloth or gauze, so fine that in one square inch there are 
3,500 to 5,000 holes. The wire gauge moves over a 
series of copper rollers to which a sliaking motion is 
given by^ machinery, to facilitate the escape of water 
through the pores, and to. distribute the pulp equally. 



By means of air-pumps and other contrivances the pulp 
as it advances on the wire gauge solidifies, and passes 
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onwards to a pair of rollers, the surfaces of which are 
kept wet by a jot of water, so that the pulp may not 
adhere to them. Then it is subjected to slight pressure, 
which is repeated by another pair of rollers ; and at 
the same time a water-mark or any other design is 
impressed on it. The half-formed paper now passes 
upon an eldless felt, and receives on its way moie 
pressure from other roUers, then passes through size 
solution, and is conducted over a series of large cylin- 
ders in which steam is employed to dry the paper. 
Thus liquid pulp is made into finished paper within 
three minutes in this machine. 

(8.) Paper Cutting Machine is generally attached at 
the end of the paper making machine. As soon as the 



a er to be cut off descends from a drum it is taken 
1 of, and the length instantly cut off by a movable 
knife. After being cut, the paper slides down over a 
board in sheets, and is removed. The paper travels in 
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the machine at about eighty feet per minute; it is 
temporarily arrested while being cut, and yet so 
beautiful is the contrivance employed in the machine 
that the paper is not creased in the slightest degree. 
There are paper bag machines also in which from a con- 
tinuous length of paper the proper quantity is cut dff, 
folded, pasted and delivered. From 1,000 to 4,000 
bags per hour of a capacity to hold from two to twenty- 
eight lbs. can be thus made. 

(9.) Finishing , — The cut paper is counted into quires 
of twenty- four sheets, and afterwards into reams of 
twenty quires; these are subjected to very heavy 
pressure in an hydraulic press, and then sent to market. 
The water-mark seen in some papers, and which is 
given to the paper when half formed, was originally 
adopted for the purpose of distinguishing the sorts and 
sizes of paper. The foolscap, the head-dress of a fool 
who in former times formed part of a great man^s esta- 
blishment, was a device of a later period, and a paper 
of a particular size is stiU called foolscap. The maker's 
name is now generally used, but in some cases more for 
ornament than distinction. The water-mark in bank 
notes and other documents is very important to detect 
fraud. 

Varieties of Fa.per , — Manufactured paper is divided 
into many classes, but chiefly into three, writing paper, 
jjrinting paper, and bromn paper for wrapping. Blotting 
paper is not sized, and is rendered absorbent by the 
free use of woollen rags. Parchment paper is now made 
by immersing paper in a weak solution of sulphuric 
acid, quickly removed and washed off* ; this treatment 
produces great toughness, and gives the paper the 
appearance of parchment. 
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ESTIMATES EOR A PAPER MILL. 

Machinery as shown on Plan L. 

X 

Rajj-choppor, or rope-raitting machine, with self-acting feed 

motion, sot of knives, pulleys, complete, if required . . SO 

lhig-dustoi*s and willows, with WTought-ii-on shaft, tee th, gal- 

vanistMi wire, wood casing, complete 12'i 

2 Revolving r.ig-boilers, including all whcHjla, pulleys, steam- 

pipes, &c., to hold one ton of nigs, complete . . . 300 

4 Washing engines, iiwduding cast-imn trough, with ol steed 
bars ill each roll, bottom jdate with 14 steel bars, lifting and 

driving tackle, and littings 0-50 

For bl(;aching chests— the necessary fittings, and an hydraulic 
press, 10" diameter, for half-stuff, wdth half-stuff boxes lined 

wuth copper 22l> 

It Beating-engines, including cast-iron trough, oaish roll with 
8 1 steel bars, bottom plate with 21 stt‘el bars, lighters fixed 

to lift from both sides, complete 700 

Cast-iron girders and columns to 8upi)ort rag-cngin()s and 
shafting, and also to servo as drains ; pipes and valves to 
supply all rag-engines, and cx)iinections ; gearing, includ- 
ing shafts, wheels, pulleys, diiving- belts, &e. . . .700 

I Paper-making machine, to mako paper 72 inches wide, in- 
cluding 2 iron stuff-chests 10" dhimeter, 6 feet dc(^p, with 
agitators, pulp-regulator, sand-catchers, brass kiiottm* for 
brown and white x^apora. Wire part, including breast roll, 

38 copper under tube-rolls, 4 copper rolls, copper dandy 
roller, brass deckle, apparatus for regulating width of paper 
and guiding 35 feet of wire, air-pumps and self-acting 
vacuum-boxes, siive-fUl, pair of couchcr or first-pressing 
rolls, x>air8 of metal first and second pressing-rolls, regulators 
for stretching and guiding felt, shako apparritus, \vith stands, 
pulleys, whtjels, Ace. Drying-machine, consisting of 10 
cylinders 3' 6" diameter, fitted with stc^m and exhaust jupcjs, 
each cylinder to have a lifU^r to act cither way, sti-ong cir- 
cular framing, cast-iron felt-rollers, copper leading-rollers 
to lead tlio xmper round the nuiclunc. Sizing aj)paratus, 
including 2 brass rolls 8" diameter, iron size-box, with fit- 
tings, complete. Calenders for smoothing paper, 4 rolls 12" 
diameter, with all fittings, complete. All shafting, stands, 
pulleys, fixings for driving piper-machine, complete, with 
wheels for changing the speed of machine ; 1 revolving reel, 
complete, felts, &c. ; 1 steam-engine, high-pressure, cylinder 
12", stroke 3', for driving paper-maclunc, with arrangement 
for using waste steam for diying paper .... 1,900 
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£ 

1 Paper-cutting machine, longitudinal and transverso motions, 

cast-iron framing, rcivolving knife, pulleys, Ac. . . .130 

1 Hydraulic press for huisliing dry paper, ram 10", including a 

set of hydraulic pumps A^ ith brass baiTels, complete . . IGo 

Steam-engines, a pair, higli-iiressurc and condensing combiTied, 

50 horst!-power, hot and cold water pumps, vacuum-gauge, 
governor, lly- wheel, with all connections, Ac., plates ior 
bottom of c'liginc foundations, and for pump and condenser, 

Ac., complete ; 3 boilers of wrought-iron, with all th(j neces- 
sary mom itings, in j ector, Ac. ; accessories and extrn s, inclia ling 
the neciissaiy wirt'-work and knives for rag-cutting tal)h‘S, 
rag hoist, water-cisterns with pumps to supply rag-engines, 
pip(;s for taking pulp to stuff-chests, extra ail^^icles lor paper- 
making machine, iron rails with turntables for bleach- 
houses Ac., boxes with wrought axl(‘,s for carrying material, 

dry 1‘elts, wire, jackets lor couchers, Ac 2,700 

Packing and Ircc deli veiy on hoai-d a vessel . . . . 778 


X8,oo8 


DIMENSIONS OF A PAPER MILL. 
Machimry as shown on Plan L. 

Scale : 40 feet = 1 inch. 



Length. 

leet. 

Oread til, 
teet. 

Siiuaro 

feet. 

Height, 

teet. 

Cubic 

feet. 

Rag store-room . . . 

55 

33 

1,815 

23 

41,746 

Rag-eleJiiiing room . . 

43 

41 

1,763 

20 

35,200 

Rag-boiling room . . 

52 

41 

2,132 

12 

25,584 

Beating-engines room . 

75 

41 

3,075 

20 

01,500 

Bloachiug-rooin . . . 

75 

23 

1,725 

10 

17,250 

Paper-making room 

134 

33 

4,422 

12 

63,001 

Packing and iinishing . 

107 

33 

3,631 

12 

42,372 

■Warehouse .... 

82 

33 

2,700 

12 

32,472 

Ollices, Ac 

42 

33 

1,380 

20 

27,720 

Engine-room .... 

64 

27 

1,728 

12 

20,730 

Boiler-room .... 

1 40 

35 

1,400 

10 

1 

14,000 

Total of square feet and cubic feet 

25,083 


371,703 
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The estimate includes all machinery for the general 
manufacture of printing, writing, and packing papers, 
to be made from rags, old gunny bagging, or any ma- 
terial likely to be used for such purpose. 

Paper-making machines vary in width from 54 to 
102 inches ; and it is the width of the wire gauze of the 
paper machine which is the principal element for deter- 
mining its capabilities. The estimate is given for one 
machine, which will make paper 72 inches wide ; this 
is a medium size generally adopted in England. 

lia^s will answer very well both for printing and 
writing papers. From straw a thick brown paper is 
made in England ; but for printing and writing only an 
inferior description can be produced, and of little com- 
parative strength. The cost in England of producing 
two kinds of paper of equal quality, one from straw and 
the other from rags, is nearly equal. The waste, and the 
expense of preparing straw pulp for the production of 
paper, are so much more for chemicals, power, and 
labour, that in the end its cost nearly equals that of 
rags. In India and China it will be far cheaper to use 
rags, or any such material, for making paper, than 
straw or grass. 

The waste in working rags in the several processes 
of dusting, washing, boiling, and reduction to half stuff, 
will be in proportion to the quality of rags. For very 
fine white rags about 10, for coarse 13, for coloured 18, 
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and for old pack cloths and ropes from 20 to 30 per 
cent, is tlie approximate average of waste. In boiling 
rags, lime or soda is used, the choice depending entirely 
on its cheapness. By using revolving boilers there has 
been over the old method an economy of lime 50, of 
time 67, and of fuel 38 per cent. 

The production of paper from the 72 inch^ machine 
^vill be 8 tons, more or less, per week, according to the 
speed at which the machine is driven for different quq,li- 
ties of paper. Paper mills in Europe generally wq^Jc 
(lay and night. The paper mill near Calcutta, working 
with improved machinery, has made lately arrange- 
ments to work at night by gas made on their j^remises. 
Writing pape^rs, highly finished, require great care in 
the preparation of pulp, and also a largo amount of 
labour and machinery is required in finishing. It would 
be well, therefore, if attention is solely confined to pro- 
duce paper of that quality for which there may bo the 
greatest demand. 

In sizing a certain class of printing papers, animal 
gelatine, made from the parings of bullock or buftalo 
hides, with a mixture of alum dissolved in it, is used, 
and placed in a trough between the drying cylinders of 
the paper-making machine. 

Water for the manufacture of paper will be required 
in abundance, and that of a good quality : about 80 cubic 
feet per minute, besides the quantity required for con- 
densing steam-engine. In the production of fine paper 
the quality of the water is very important ; and it is for 
this reason that paper mills in England are widely scat- 
tered, being generally built near pure streams of water. 
If the quality of water is such as to require filtering, 
two or three large ponds will be necessary to settle it. 
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PAPER MANUFACTURES. 


In the paper mill near Calcutta, the water has first to 
be pumped from the river, and then settled in large 
ponds, and again pumped into the mill cistern ; this has 
cost a good deal. Pumping apparatus will be required 
according to the depth of water to be raised into the 
tanks. If clear water could bo obtained by a single 
pumping, the arrangement would be simpler, and much 
less expensive. 

power may bo employed in driving the ma- 
chinery for preparing the half stuff for making paper. 
If the fall of water near a stream is sufficient, and to 
be relied on at all seasons, which is not generally the 
case. The paper-making macliinc is invariably driven 
by a separate small steam-engine attached to it, as it 
requires a perfectly regular motion ; and the waste steam 
is employed in heating the cylinders for drying the 
paper. 

Artificial parchment is also made in England from 
the parings of raw hides, by process of manufacture 
identical with that of a paper mill. 

The cheapness of many foreign papers is due to a 
large proportion of white clay in them ; some samples 
contain 30 per cent, and more, the presence of which 
is not apparent from external appearance. 

The Plan L of the Paper Factory shows the rag store 
room apart by itself, separate from the main building ; 
as the rags, from containing moisture and being over- 
heated in a closed room, are liable to take fire. The 
store room for rags is below, and tables for rag-cutting 
above ; from which room the rags are carried to the 
adjoining room for dusting, then to the boiling room, 
then to the rag engine room, which is one story high, 
in which there are columns and girders, included in the 
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estimate. This is a great improvement, as it serves for 
rag engines, for supporting shafting, for carrying oft' 
the dirty water, and also for drainage of the rag engine 
floor. This arrangement will also save masonry work. 
Near the rag engine room, in the adjoining wing, are 
iron chests for half stuff, and the paper making and 
cutting machines ; next to it are the finishing and pack- 
ing rooms, warehouse, and ofiices. 

The 6US*i?of machinery and buildings, water tanks, &c., 
may be roughly calculated at from £17,500 to £20,000. 
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OITANTTrY AND VALUE OF PAPER AND STATIONER^’ 
EXPORTED FROM GREAT BRITAIN TO INDIA.* 


Year. 

Paper. 

Value 

SI atiori ery. 


rwta. 

£ 

£ 

]8fir> 

27,335 

91,713 

31,777 

1865 

25,481 

90,123 

32,937 

1864 

30,642 

105,631 

32,867 

1863 

28,277 

98,171 

37,323 

1862 

30,403 

101,945 

31,220 

1861 

19,302 

89,977 

35,811 

1860 

20,187 

96,752 

85,622 

1859 

1858 

1857 

1856 

liicludii 

)apcr and stationoiy, 

174,811 

177,882 

160,837 

171,710 


From Jlonrclof Trade Itetnnia. 



IRON FOUNDRY AND WORKSHOPS. 



INTRODUCTION. 

The commerce between Asia and England, and other 
parts of the world, is now conducted by a prodigious 
mercantile fleet. One single s.team navigation com- 
pany — the Peninsular and Oriental — ^possesses nearly 
fifty largo steamers, a number equal to the navy of a 
second or third rate state in Europe ; and some of them 
nearly 3,000 tons burthen. The Company has a capital 
of £3,300,000. 

At Calcutta, and in the magnificent harbour of Bom- 
bay, may be seen at one time hundreds of vessels with 
the flags of all nations flying on their masts. For 
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repairs of vessels, making good any breakage of 
machinery, and such other work as must be executed 
on the spot without any delay, the Peninsular and 
Oriental, and other steam navigation companies, have 
established iron foundries and iron workshops, fitted 
with improved machinery. But it will be scarcely 
credited that, in several ports, for instance in Bombay, 
where, besides the shipping, there are several cotton 
presses, cotton mills, and other industrial works, carried 
on with the aid of machinery, up to within a few years 
all the private work in repairs, or making good the 
breakages in machinery, was obliged to be executed in 
the Government Gun Carriage Factoryy and was, of 
course, done at the leisure and convenience of the 
Government officials ; though now there arc two or 
three small private iron foundries and workshops, but 
not one worthy of the name. 

It is in the iron foundry and the smithy that the iron 
is converted into several required forms, either by casting 
it in the foundry, — or in the smithy where the pig-iron 
is turned into malleable bar iron. Then it is shaped 
into different forms by various machines designed for 
the special work, either by cutting off the superfluous 
portions in the form of chips, or by hammering with a 
steam hammer, and producing a given form by shaping 
and joining all pieces together. 

In machine tools, a good many improvements have been 
introduced in Europe from time to time. In England, 
Mr. Whitworth has aimed at nothing short of absolute 
constructive perfection, in which he has been so suc- 
cessful, that in other departments of machine-making 
his principles have been adopted. It was he who first 
appreciated the importance and value of a method of 
scraping by machinery for obtaining true surfaces; 
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vseeing that by the old method the emery used for 
grinding became fixed in the pores of the metal, causing 
a rapid wear of the surface, which at one time impeded 
the progress of improvement in construction. 

Along with true plane surface, the means of accurate 
measurement were thought by him of primary import- 
ance, and are now universally acknowledged. In the 
workshops of Messrs. Whitworth, in Manchester, now 
carried on by a limited Liability Company, may be 
seen a small machine by which a difference in length or 
thickness of the one-millionth part of an inch may be 
detected ! Mr. Whitworth also introduced a uniform 
system of screw threads, which, from its merit, has 
now become very generally adopted, and standard 
gauges of size are manufactured for use in all work- 
shops. It was Mr, Wliitwonh who first adopted the 
principle of hollow casting for giving strength with a 
minimum of material. 

Lathes are now made in Europe that would turn with 
ease a mass of fifty tons in weight, or as many feet in 
length ; plaiiing-machines that will bring to truth and 
flatness surfaces of 40 feef by 10 or 12 feet ; boring- 
machines that will scoop out cylinders more than 12 
feet diameter; slotting-machines that will gradually 
chop asunder a block of steel a yard thick; shears 
that will bite through a bar of forged iron a foot wide ; 
and steam hammers of twenty tons and upwards, falling 
twelve feet, whose blow at a distance is felt as that of 
an earthquake. All the machines in the turning-shop 
are so completed and connected in a series that each in 
turn takes up the work from a previous one, and carries 
it another step towards completion ; so that the atten- 
dant merely conveys the work delivered from one 
machine and places it in the next, finally receiving it 
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complete from the last machine. These several 
machines for working in iron, brass, and other metals 
are self-acting, work with great precision and extreme 
accuracy, and are adapted to the nature of the work, 
whereby the need of skill and dexterity in the work- 
man is not so indispensable. 

A self-acting fan is now an indispensable machine 
in smithies and foundries, and is also in very general 
use ill several other manufacturing arts. Compared 
with the blast of the old bellows worked by hand, 
it is far superior, and gives a uniform stream of air. 
By its means the smith heats his work with great pre- 
cision. In the smithy the main pipes from the fan 
are furnished with nozzle pijies of different diameters, 
and the pressure of tlie blast varies. The fan is also 
used in foundries, with a cupola furnace. 

In India some people pride themselves upon execut- 
ing all kinds of work with a simple tool. But this is 
a mistake, and the more so if the merit of the work 
should show a natural aptitude in the workman ; for it 
is certain that if he has made good work with a bad 
tool, he would make better with a good one. Let Asia 
work with improved tools, and her progress in the arts 
will be rapid. To work with a few primitive tools 
when better tools exist is a loss of strength and re- 
sources. The machines made in England for working 
in metals have not been surpassed in workmanship, 
precision of .action, or beauty of form, by those of any 
other nation. It will be a good sign of the progress 
of improvement if Asia should require of England for 
some years to come machinery a thousand-fold more 
than she does at present ; machinery which she is so 
well able to supply, with her coal and iron mines so 
fully developed, to the mutual benefit of both countries. 
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AND MACHINE WORKSHOPS. 



Iron Foundry. — The iron which is intended for 
castings is melted in a “ cupola ” furnace ; the blast to 
the furnace being supplied by a self-acting fan worked 
from a steam-engine. When the iron is completely 
melted, the lower portion of the furnace is opened, and 
the white-hot stream of iron is carried in ladles to be 
poured into the mould. The mould is a box filled with 
sand, in which a wooden pattern of the intended cast- 
ing is pressed, and the sand rammed down. A hole 
in the box receives the melted metal, which by a 
channel freely runs into the hollows left by the pattern, 
and completely fills it. When the metal has cooled, the 
casting is removed. If the casting to be made is not 
solid, but hollow, then solid metal patterns called ccrea^ 
made a little smaller than the hollow left by the real 
pattern, are used. 



214 


IRON FOUNDRY AND WORKSHOPS. 


Brass Foundry . — Brass is not a simple metal like 
iron, but is made by the direct mixture of copper and 
zinc. The brass furnace is built 
of fire-bricks. The crucible is 
formed of clay or plumbago. 
When the copper is melted, 
zinc is dropped in, in such 
proportions as may be neces- 
sary to obtain various degrees 
of hardness Jind colour. When 
the two metals are completely 
mixed, the crucible is with- 
drawn and its contents poured 
into moulds of sand. The 
method of making moulds for 
casting in brass is similar to 
that for iron. The materials 
for making moulds are fine 
sand or loam, and wood char- 
coal powder, which copies 
sharply all minute details of the pattern.' 

Self-acting Lathe is one of the principal cutting 
machine tools in a workshop, and is the oldest as well 




as the most serviceable. The slide-rest is an appendage 
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to the turning -lathe, and is so contrived as to hold a 
tool firmly to the work. The tool is held in a sort of 
iron hand or vice, which is made to move in the re- 
quired direction by means of a slide by turning the 
handle ; while the depth of the cut is regulated by an 
under slide. Hy the separate or combined action of 
the two slides the tool can be made to act along or 
across the work with great accuracy. Lathes are also 
made for ornamental turning, which are most complete 
self-acting tools for the production of regular forms, 
both simple and complex. 

Self-acting Planing Machine is an application of the 
slide-rest for smoothing the surface, removing all 
irregularities, and producing a correct plane. The work 
is firmly bolted to the table, moving backwards and 
forwards under the cutting tool, which admits of 
accurate adjustment. Some machines are made to 
plane in both ways while the table advances and re- 
turns ; but a great number are made to plane in one 
way, and a quick return motion is applied to the table 
to increase the performance and shorten the time. The 
cutting tool is kept cool during the work by allowing 
cold water to drip upon it, otherwise the edge would 
become soft. 

Self-acting Slotting Machine is designed for the pur- 
pose of drilling slots or sinking slots through pieces 
of metal, or by cutting out of the solid metal. It is 
useful in replacing the labour of mechanics in chipping 
metal ; it is further useful in economising the labour of 
smiths, as by its varied and rapid operations from a 
shapeless forging a finished form is produced, which by 
hand labour would consume much time, and would in- 
jure the quality of the metal by repeated operations. 
The efiiciency of this slot-drilling is due to the form of 
the drill. 

Self-acting Vertical Drilling and Boring Machine 
has its frame hollow, and for levelling and fixing work 
when too high for the table the foundation ^te is 
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adjustment, and swivels honzontallv, to allow of lareor 

objects being placed on the sole-plate of the machile. 



'ae machine iscompact and self-contained. SmaUer and 
aimilar machmes are made, in whicl\ the driving gear 
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is simple, and the table is raised or lowered by means 
of a screw and a handle. 

Self-acting Radial Drilling Machine is made with a 
radial arm or jib carrying the drill, which is movable. 
It will compass any object within its range, according 
to the size of the machine. A means for turning the 
jib on its centre for adjustment or otherwise is provided 
in different ways by different makers. It is hung and 
swivels upon a bracket sliding vertically upon the 
flat surface of the frame to any required elevation. 

Self-acting Shaping Machine is used for shaping- 
levers, connecting rods, cranks, and similar articles 
that do not admit of being finished in the lathe. There 
are several self-acting motions for shaping horizontal, 
vertical, angular, and circular work, and also for hollow 
curves. For holding the work vertically or longitudi- 
nally there are tables. Shaping machines, like planing 
machines, cut one way, and are driven with a quiclc 
return motion, excepting for the smallest sizes. In 
some of these machines, instead of the work traversing 
under the drill, the drill travels over the work. 



Punching and Shearing Machine is designed for punch- 
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ing holes and for shearing or cutting plates in the smithy 
and boiler shops. It has a triplicate lover applied for 
working the punch and shears, also for spacing out the 
rivet holes precisely to the length of the plate. The 
punch for making holes in the plates is balanced by a 
lever, and it may be raised or put out of action without 
stopping the machine. There is a contrivance for ad- 
mitting long lengths of bars or narrow plates to be 
placed and cut oft' in the machine. 

The bteam Hammer is capable of so gentle a work 
as cracking a nut, or of so tremendous a power as 
crushing a mass of iron. By means of a valve which 
is worked with ease and celerity, the velocity and force 
of the blow are regulated according as the nature of the 
work may require. The force of the blow may be varied 
instantly, from the utmost intensity to a mere touch, and 
any number of blows may be given with any rapidity up 
to 280 per minute. The hammer is worked with steam ; 
as the hammer rises the steam is shut oft*. 
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ESTIMATES FOE AN IRON FOUNDRY AND MACHINE 
WORKSHOPS. 


Iron Foundry. 

£ 

1 Cupola fittings complete 230 

1 Fan, 42" complete 51 

1 Grinding mill 250 

1 Travelling crane, span 40 281 

Miscellaneous, including a 3 ton ladle, 5 small ladles, 6 lifting 

efiains, core carriage, stove door, &c 206 

Smithy and Boiler Shop. 

6 Smiths’ hearths 309 

1 Fan, 22" 30 

1 Plate bending machine, 6' 241 

1 Punching and shearing nuichinc 156 

1 Steam hammer 195 

Miscellaneous, gi’indstone complete, 6 sots smiths’ tools and ham- 
mers, boiler nnikcra’ tools and hammers, anvils, blocks, 
stands, ^c 553 


Turning and Erecting Shop. 


1 Slide break lathe, to take in 20 feet between centres . ,471 

1 Slide and screw-cutting lathe, bed 20 feet long . . .207 

1 Slide screw-cutting lathe, bod 15 feet long .... 156 

1 Slide screw-cutting lathe, bed 12 feet long .... 129 

1 Hand-turning lathe, bed 16 feet lung 116 

1 Hand-turnijig lathe, bed 14 feet long ..... 92 

1 Hand- turning lathe, bed 12 feet long 79 

1 Planing machine to plane 12 by 4*6 by 4*6 .... 423 

1 Planing machine to plane 6 by 2*6 by 2-6 .... 148 

1 Vortical drilling machine to admit 3'*8" diam., double geared 106 
1 Vertical drilling machine to admit 3'-0" diam., single geared . 65 

1 Radial drilling machine, 8 feet radius 335 

1 Radial diilhng machine, 4 feet 6 in. radius . . , .132 

I Shaping machine, stroke 12J" 140 

1 Shaping machine, stroke 9" 96 

1 Slotting machine, stroke 18" 217 

I Slotting machine, stroke 12" 143 

1 Vertical boring machine 333 

1 Screwing machine 97 

2 Giindstoncs with frames 75 

ISIiscollanoouB, including sets drills and steel tools required for the 

machine tools, chipping hammers, steel chisels, cylindi*ical 

gauges, and sundries 203 

I High-pressure steam-engine, boiler, gearing, shafting, pedes- 
tals, strapping, &c. Packing and free delivery on board 
a vessel 2,212 


£8,507 
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ESTIMATE FOR A MECHANICS* SHOP TO BE ATTACHED 
TO MILLS AND FACTORIES. 

1 12-inc^ double-geared sliding and screw-cutting lathe, self- 
acting bed 15 feet long, complete, with compound slide-rout, 
large face plate, shaft, pulleys, and hangers . . . • 1^0 

1 Planing machine, self-acting, to plane 6X3X3, with quick 

rctuiTi motion, complete 181 

1 Vertical drilling machine, self-acting for holes 4 by 10 deep, j 
with radial isible, shaft, pulleys, complete . . . . | 81 

1 Set tap and dies to screw ^ to 1", complete in case . . J 

1 Orinding-stone, set of steel drills, drilling tackle, and other 

tools and sundries 100 

1 Steam-engine for driving all machines, complete ; one self- 
acting fan worked by engine for smith's hearth, complete . 2G0 

£812 


DIMENSIONS OF IRON WORKSHOPS. 


Machinery as shown on Plan M. 
Scale : 30 feet = 1 inch. 



Length, 

feet. 

Breadth, 

feet. 

Square 

feet. 

Height, 

feet. 

Cubic 

feet. 

Iron foundry 

93 

44 

4,092 

40 

163,680 

Biuss foundry, &c. . . . 

30 

23 

. 690 

20 

13,800 

Sand-mixing room . . . 

18 

12 

216 

10 

2,160 

Turning and erecting shop 

134 

54 

7,236 

30 

217,080 

Smithy and boiler-making 1 

shop / 

Iron store-room, pattern 1 
room, &c I 

115 

33 

3,796 

25 

94,875 

198 

22 

4,356 

20 

87,120 

, Total of square feet and cubic feet 

20,385 


678,715 
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Tiik estimate includes all macHnery for iron foundry 
and workshops, on such a scale as to answer all pur- 
]>08es required in places visited by shipping, or where 
large industrial works are carried on with the aid of 
machinery — such as cotton presses, cotton, jute, and 
other factories, &c. Besides repairs, and making good 
any break-down in the machinery, the foundry work- 
shops will be capable of turning out new steam-engines, 
boilers, and new machines of a moderate size, complete 
in every respect, and similar to those made in English 
establishments. 

The Plan M shows the arrangement of the whole 
W'orks, In the front wing, on one side, is the pattern 
shop, in which a facsimile of the article required is 
made in wood. Next to the pattern shop is the store- 
room for these patterns. The iron foundry which 
adjoins receives these wooden patterns, and takes an 
impression of them in sand, running melted iron into 
the sand moulds, and thus producing the article in iron 
of the exact required form. As such casting of iron or 
brass is, comparatively speaking, rough and inaccurate, 
it is sent to the machine or turning shop, fitted with 
machine tools, to be turned, planed, and shaped. In 
the erecting shop all the different pieces of the w^hole 
work are fitted, completed, and. made ready to be de- 
spatched from the works. This is the course of any 
piece of work executed in cast-iron. Wrought-iron, 
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however, being a metal which cannot be cast, being 
malleable instead, is formed or wrought into the re- 
quired shape by the aid of the forge and steam hammer, 
in the smithy-shop, which is placed on plan on the 
other side of the iron foundry. The turning shops are 
midway, so that all the subsequent operations of turn- 
ing and planing in wrought-iron may be performed 
with equal facility as in cast-iron. Self-acting fans, 
driven by the steam-engine, have been placed in their 
proper positions for supplying blast to the furnaces in 
the iron foundry, and for the smiths’ hearths. Both in 
the iron foundry and in the machine and erecting shop 
travelling cranes have been provided, so as to carry 
heavy articles with case into any part of the shop. 

Every machine in use in a workshop is constructed 
to perform a certain specific operation, and accordingly 
contains parts especially applied to the work in ques- 
tion ; which working parts are connected by the 
mechanism in such a manner that each shall move 
according to the nature of the work. 

The total cost of the foundry and workshops, includ- 
ing all machine tools, as shown on Plan M, and speci- 
fied in the estimate, including cost of buildings and 
other necessary expenses for putting the works in 
complete working order, may be put down at about 
£30,000. But workshops may be erected of any size, 
from £500 and upwards, and fitted up with machine 
tools designed for any special work, or for making any 
articles in large quantities that may be in general 
demand. With a view, therefore, of facilitating and 
determining approximately the cost of such workshops, 
the prices of the machine tools have been given in 
detail, so that any item may be omitted from the list, 
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according to the amount of capital that may be proposed 
to be invested. 

In a description of the extensive works of John 
Brown and Co., Sheffield, where large quantities of 
rails are manufactured for Indian railways, the '^Engi- 
neering Journal,” November, 1866, stated that "small 
quantities of Indian iron have been obtained, and it 
has proved fully equal to the best Swedish.” The 
refined English pig iron is not sufficiently pure for 
conversion into steel, and large quantities of Swedish 
iron are imported into England for that purpose. 

The machinery in some of the Calcutta jute factories 
has been made there, though a major portion has been 
sent over from England. 

In every factory or mill established for any purpose, 
a mechanics’ shop fitted up with tools, more or less in 
number, will be required, in proportion to the size of 
the factory, and the local facilities afforded for effecting . 
repairs or mfiking any new articles. A separate esti- 
mate for a mechanics’ shop has been given, which will 
be api)licable to a great many factories of moderate 
size. The besi. plan will be to drive the machine tools 
by a small portable engine, independently of the large 
engine in the factory. 

In almost all towns in India, working in iron and 
brass is carried on for making domestic utensils, and 
for such other purposes, but by very rude and imperfect 
appliances, and entirely by manual labour. Thousands 
of hundredweights of yellow metal sheeting and sheet 
brass, besides large quantities of other metals, are ira- 
poited into India. There is great room in some 
respects for introducing improved machines and appli- 
ances for working in metal, for articles in common 
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every-day use, which are now produced by individual 
efforts or handicrafts all over India and other parts of 
Asia. 

In Bombay, a native foreman employed at the gun 
carriage factory was the first to start a small iron 
foundry, and by honest industry succeeded beyond his 
expectations, and in a few years made a fortune. His 
example has been followed by two or three others, 
with complete success. But there is still a want in 
Bombay and other places of an iron foundry and work- 
shops on a scale worthy to bo called by that name. 
Calcutta seems to be better off in this resjject, chiefly 
on accoimt of the large numbers of Europeans in the 
Bengal Presidency ; and more by their enterprise than 
that of the natives, the iron foundries and workshops 
in Calcutta have been established. 

Two English gentlemen connected with the iron 
trade, who went to the Continent for the express pur- 
pose of making inquiries on the subject of foreign 
competition, wrote to the London TimeSy December, 
1866, that “Belgium and France have thrust us out 
of the foreign markets. They have almost monopolised 
in Bussia the trade in iron for railway purposes. They 
make the rails, they supply the locomotive engines, the 
roofs for stations, and pillars, and they build the car- 
riages. A like state of things obtains in Spain. Even 
at home in England, within our own boundaries, tliese 
pushing people are challenging our supremacy.’’ 
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VALUE OF RAW METALS IMPORTED INTO INDIA FROM 
GREAT BRITAIN * 


Year. 

Copper. 

Zinc. 

Tin. 

Iron. 

Steel. 

' 

£ 

£ 

£ 

£ 

£ 

186r5 

1,661,987 

101,887 

255,662 

586,712 

60,943 

' 1804 

1,361,416 

119,863 

151,924 

724,706 

40,963 

! 1863 

1,169,641 

97,190 

104,384 

678,312 

80,129 

. 1862 

991,098 

110,418 

130,065 

603,222 

96,773 

' 1861 

1,082,312 

120,527* 

121,763 

454,438 

45,617 

1860 

820,135 

226,035 

95,352 

571,839 

53,967 

1869 

651,947 

88,315 

64,885 

1,107,222 

73,110 

1858 

369,049 

45,993 

88,255 

494,054 

61,680 

1857 

387,431 

56,974 

37,208 

464,576 

33,517 

1856 

322,485 

60,738 

66,009 

222,261 

29,871 

1855 

260,220 

47,961 

63,434 

218,674 

30,446 

1854 

276,242 

9,475 

46,044 

102,103 

15,992 

1853 

210,230 

11,303 

77,868 

145,248 

10,216 

1852 

441,412 

41,532 

71,638 

314,398 

12,935 

1851 

878,923 

1 78,994 

68,673 

464,649 

14,316 


VATiUE OF MANUFACTURED METALS AND MACHINERY 
IMPORTED INTO INDIA FROM GREAT BRlTAlN.f 


Year. 

MannfiM'.tured 

Metals. 

Machinery. 

Year. 

Manufactured 

Metals 

Machinery. 


£ 

£ 


£ 

£ 

1866 

608,104 

554,156 

1867 

658,329 

244,443 

1864 

418,673 

585,516 

1856 

788,859 

435,512 


424,188 

606,518 

1865 

312,304 


1862 

383,694 

553,883 

1854 

286,671 

62,788 

1861 

386,748 

870,261 


217,817 

28,457 

1860 

454,457 

871,531 

1852 

246,701 

14,337 

1859 


687,666 

1851 

245,393 

20,666 

1858 

378,989 

465,453 



8,079 


* From Statistical Abstracts of Colonial and other Possessions, 
t From Statistical Abstract presented to Parliament 1 867. 
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TIMBER MILLS 



Every one is more or less interested in timber, so 
largely is it used in building houses, factories, . boats, 
ships, furniture, and for other like purposes, and also as 
fuel in many countries. Though a saw-mill for cutting 
logs of timber, moved by water power, was in use in 
Europe in the thirteenth century, on the Malabar coast 
and in Bombay machinery for cutting logs of timber 
was not introduced and worked successfully until within 
the last six years. It was introduced, not by any native, 
but by a European firm fully engaged in the cotton 
and other piece goods trade. There is a general com- 
plaint,* particularly in Bombay, that house rent is ex- 
cessive and living very dear ; and this is a matter of 
no surprise, when we consider that logs of timber used 
in buildings are brought to the place where the build- 
ings are to bo erected, and sawn by the tedious process 
of hand-labour, and that the firewood is cut by hand 
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\ip to this moment in Bombay, a city which has more 
population than cither Liverpool or Manchester, In 
England, in the smallest town even in the country, 
there is always a yard stored with timber, cut by 
machinery, of all sizes used in the building trade, 
well seasoned ; ani a house or factory can be built in 
less than one-fourtn the time taken in India, For pre- 
paring all parts of doors and windows, machinery is 
employed; and large factories have been erected in 
some parts of Europe for turning out doors and windows 
for export to London and other places ; while the same 
work is done by hand in India. For this reason, in 
some of the Bombay mills built latterly may be seen 
hundreds of iron windows made at Birmingham, which 
have cost less than timber windows would have cost. 
As in iron work, so in timber work, there are machine 
tools designed for the special work intended to be per- 
formed. Machines are made and used extensively for 
sawing timber, planing, edging, tonguing, grooving, 
and moulding, by which the production of work has 
been increased, and the price cheapened. 
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Timber Frames are designed % sawing round or 
square logs of any description of timber into boards or 
planks of any required thickness. They are fitted with 
upright saws, and the timber to be cut is placed on an 
iron rack carriage with quick motion for running for- 
ward or backward, the speed of which is regulated 
with any degree of nicety. Adjustable clips for hold- 
ing the timber whilst being sawn are attached to the 
carriage, for the purpose of following the irregularities 
of the logs. These machines are made to take in a 
log of timber from 50 to 20 feet long, and to saw 
from 42 to 16 inches. They carry one saw to cverjr 
inch in width of the machine, according to the size it 
is made, and require from 10 to 3 horse-power to drive 
them. There are also circular saw benches made for 
cutting timber, plain or self-acting, with travelling bed. 

Holler Planing Machine wiU plane, joint, tongue, 
and groove all kinds of timber, effecting all the pro- 
cesses at one operation, or each singly. The timber is 
propelled through the machine by means of rollers, 
some of which are so arranged that they can be 
raised or lowered together for various tliicknesses of 
timber, by turning a wheel at the end of the maehine. 
The under side is planed by two fixed cutters, which 
are easily taken out for sharpening. A revolving 
cutter, is placed before the stationary cutters for the 
purpose of taking off the rough surface, and the edges 
are either jointed, rebated, or tongued and grooved, by 
means of cutters fixed in two revolving blocks. 

Moulding Machine is adapted for cutting single or 
double mouldings of any pattern, and giving a smooth 
finish to the mouldings. The boards are brought 
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forward by revolving feed-rollers, and the action of 
moulding is done on all its surfaces at once by means 
of four sets of revolving blocks carrying cutters of the 
shapes required, running at great speed. The mould- 
ings are cut with great accuracy. Boards are also 
planed in this machine by attaching plain or straight 
cutters to the top and bottom blocks, and edged accord- 
ing to the kind of cutters fixed to the side blocks. The 
boards pass through this machine for moulding at the 
rate of from 10 to 30 feet per minute. 

Circular Moulding Machine is adapted for moulding 
circles and wood of any irregular shape, such as circular 
heads of sashes, hand-rails, table edges, and various 
things in joinery and cabinet work. 

Veneer Sawing Machine is for the purpose of cutting 
various kinds of hard and fiiiicy woods into slices or 
veneers. The saws are extremely thin, cCnd arc attached 
in segments to a cast-iron disc, which is truly turned 
and balanced. 

Cross Cut Saw Bench is intended for cross cutting 
planks to any required length, and squaring all the 
ends to the greatest nicety. 

Tenoning Machine is designed for cutting the end of 
a piece of wood so as to fit into another piece, and is 
applicable for doors, windows, sashes, shutters, and 
other joiner’s or cabinet work. The double tenoning 
machine is particularly applicable for cutting double 
tenons in framing for railway carriages, wagons, and 
other heavy descriptions of timber. 

Vertical Boring Machine is made for cutting holes 
in wood, and will bore holes of any size up to 3 inches 
diameter, and 16 inches deep. It requires about one 
horse power to drive it. In some machines the cutting 
tool operates vertically, and in other machines hori- 
zontally. In machines of this class some are made in 
which a round hole is bored, and then other tools follow 
for squaring out the four corners and sides. 
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ESTIMATE FOR A TIMBER MILL. 

• £ 

I Timber frame, 36 inches, for cutting logs or trees into 
boards or scantlings, with rack-cannige, worked by a 
pinion, with quick motion, clix^s, and saws, each buckled, 

complete 3d0 

1 Planing machine, for working timber up to 5 x 12, and 
for jointing, tonguing, and grooving, either in one coin- 

S ound operation or singly ; including assorted iions of 

ifterent sizes . 208 

1 Moulding machine, capable of moulding up to 3 x 9 ; 

calendar rollers, including 1 set of cutters, complete . . 117 

1 Veneer sawing machine, wdth 10-foct disk, sliding car- 
riage, with rack and pinion, setting-in motion for the 
required thickness of veneer, including 1 sot of segments, 

complete . • 231 

1 Plain saw bench, to carry a saw 42 inches diameter, with 

spindle and pulley, including 2 saws, 36 and 42", complete . 50 

1 Steam - engine, horizontal, high - pressure, diameter of 
cylinder 16", stroke 30", fitt^ with jnston, govemor, 
improved valve, water heater, &c., complete ; 1 boiler, 

20 X 6’6> fitted with safety-valves, water and steam- 
gauges, &c., complete ; shafting and geaiing for drinng 
all machinery, including all wheels, couplings, pulleys, 

pedestals, columns, lubricators 711 

Miscellaneous, including moulding grinder, grinding machine, 
bolts for driving, extras, and sundries ; and packing, and free 
delivery on board a vessel . 332 


£2,089 


ESTIMATE FOR WINDOW AND DOOR MACHINERY. 

1 Squan^ machine, for planing and' squaring timber for the 
fuming of doors, sashes, &c., to plane 18 feet long by 18 
inches wide, with disk and cutters, traveUing-bed, including 

cutters, complete .157 

1 Cross-cut saw bench, self-acting, arranged for different 

thicknesses in wood, including 2 saws 35 
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1 Circular moulding machine, for circles and irregular shapes, 

a double-edged cutter, complete ^8 

2 Double tenoning machines^ bed having a lateral * slide, 

cutter, with rack and pinibn and baJanco-weights, including 

6 cutters, complete 226 

1 Vortical boring machine, for boring holes 3" diam., 16" deep, 

includiTig 6 augurs . , 46 

1 Saw bench, for sawing, tonguing, &c., parallel fence, &c., 

complete 33 

1 Steam-engine, horizontal, high-pressure, cylinder 13" dia- 
meter, stroke 24", complete ; 1 boiler, cx)mplete, with all 
fittings, valves, pipes, Acc. ; shafting and gearing, including 
all wh(!cls, pedestals, pulleys, iron columns^* &c. . . . 679 

JMiscellaneous, including belts for driving and other sundries, 

packing, including free delivery on Iward a vessel . . 247 


£1,460 


ESTIMATE FOli rACKIKG-CASE MACHINERY. 

£ 

1 Cross-cut saw bench, complete, including 2 saws, 16" and 18" . 36 
1 Plain saw bench, complete, including 2 circular saws, 18" and 

24" 20 

1 Steam-engine, high-pressure, boiler, shafting, belts, sundries, 
extras, packing, delivery 216 


£270 
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DIMENSIONS OF A SAW MILL. 
Machinery as sJunvn on Plan N. 
Scfile, 25 foot = 1 inoh. 



■/TAM 



B 


Saw mill, for cutting 






logs of timber . . . 

65 

50 

3,250 

12 

39,000 

Door and window-mak- 




ing room .... 

74 

60 

3,700 

12 

44,400 

Packing-case room . . 

65 

60 

3,250 

12 

39,000 

Wheel-making room . 

74 

60 

3,700 

12 

44,400 

2 Boiler houses . . . 

18 

15 

270 

10 

2,700 

2 Boiler houses * . . 

18 

15 

270 

10 

2,700 

Total of square feet and cubic feet 14,440 

Open yard for storing timber, 150 by 40 foot. 

172,200 
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Macthnery for working in wood is made suitable for 
builders, joiners, contractors, and timber merchants, 
each adapted for its special trade, cither for temporary 
or permanent works of aU sizes, and driven by a portable 
or a fixed steam-engine. 

The estimates for the timber saw-mill and other 
machinery are given for a complete permanent work, 
and include all machines for sawing, planing, and 
working the same in doors, windows, mouldings, &c., 
and on a scale to answer all the requirements of a 
complete timber mill. 

With a view of making the estimates useful and 
applicable in more instances than would be the case 
otherwise, nicy have been divided into four sets, as 
follows, and the cost of machinery in round numbers 
for each will be for the — 


£ 

Timber saw-mill .... 2,100 

Window and door machinery . . 1,460 

Packing-case machinery . . 270 

Whf'cl-making machinery . . 2,334 


— including steam-engines and boilers so made as to 
burn wood shavings and waste of the factory, and re- 
quiring a proportion ably less quantity of coals. 

The total cost for the entire works complete for 
carrying on all the operations atone establishment, and 
answering all the purposes of a complete timber fac- 
tory, may be put down — including buildings, and erec- 
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tion of machinery in working order — at from £13,000 
to £16,000. However, in the estimates the price of 
each machine, the use of which has been defined, is 
given separately; so that machinery for working 
in timber may be erected on any scale, and any items 
omitted from the estimates which may not be required. 
Thus timber miUs may bo erected of any size, and 
from £-500 and upwards, and fitted with machines 
adapted for any special work. 

The Plans N of timber mill have been so arranged 
that each of the four blocks may be erected separately, 
or all together as one establishment, where all the 
operations may bo carried on one after the other in the 
same works, and in the same place. Thus each plan is 
complete in itself, taken separately, with its steam- 
engine and boiler, or the four may be combined to- 
gether as one, as shown on Plan N. 
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INTRODUCTION. 

Providence has scattered grain, in many of its 
varieties, widely over the earth. Rice is extensively 

cultivated in Asia, 

from whence it has Tn 

extended gradually to ~ 

the southern parts 
of Europe, and has \ 

been introduced also T • ' t j 

into America. Wheat Y 

and barley extend to v J 

all the temperate re- | \ / 

gionS I >7 r r-pr r - ^ 7 P:- ^ y 

For the food of | p'ol^ l^ ~ 

man it is well under- j ^ 

stood that no article | i 1 I I 

is so well adapted as ' 

corn in many of its \ 

varieties, as it con- I |[l^ \ 

tains all the ingredi- F 

ents for forming and If* / T 

sustaining the .fat, I p^t. 

the muscle, and the g 

bone in the human H \ 

body. Throughout A'Sf/ 

all parts of Asia it is ^ .... . 

used as the principal L_Z \ 

food of the inhabi- 
tants, more so than in Europe, though even in Europe 
bread is called the staff of life. 
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In sucli a simple art as that of reducing the grain to 
a powder, or to a state fit for making bread, the Eastern 
world is many ages behind the Western. The art of 
grinding corn into flour in Asia is practised up to the 
present time as it was thousands of years ago. It is 
the practice for the women to grind corn by means of 
a hand-mill, which is to be found in every house — rich 
or poor. The hand-mill consists of two flat stones 
about two feet in diameter, kept rolling one on tlie 
other by means of a stick. The corn falls down through 
a hole in the middle, and by the circular motion it is 
bruised and reduced into flour, which falls out at the 
rim of the millstones. Such is the primitive way in 



which the grinding of some of the most important 
articles of food has gone on in Asia from generation to 
generation, without any improvement up to the present 
time. 

In Europe, the art of grinding com has undergone 
many modifications. Cora mills were erected, in which 
at first wind or water power was made use of in driving 
the stones. But it was only at the close of the last 
century that important progress was made in the pro- 
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cess of grinding, or in the development of those princi- 
ples by which the whole operation is now reduced to a 
system. By the introduction of steam into corn mills, as 
into every other manufacture, a great change has been 
effected, giving certainty and effect, and reducing the 
cost of working. Corn mills are made to depend no 
longer upon the state of wind or the supply of water, 
the whole operation being now caiTied on by steam 
power. Mills are erected in the very heart of European 
towns, and most of the changes and improvements 
visible are owing to the use of steam. 

In a modern corn mill little manual labour is re- 
quired. The coin to be ground is conducted by a self- 
acting elevator to a machine, where it is cleansed from 
the dust and other extraneous matters which are found 
more or less combined with it, by the action of a blast 
from a self-acting fan, and the dust is carried off 
through a closed passage to the outside of the mill. 
The grain being thus cleansed is greatly improved in 
whiteness and wholesomeness. It is then taken up 
by another self-acting elevator, and by an endless 
screw-conveyor delivered into the opening or hopper 
which surmounts the millstones. The stones revolve 
rapidly like other machines by wheels connected with 
the steam-engine. In the hopper which supplies corn 
to the millstones, a jigging motion is kept up, so as to 
shake the corn over the stones in equable quantities, 
and thus a regular supply enters between the stones. So 
long as this action is going on properly a little bell is 
made to ring, the motion of which ceases with the 
supply of wheat. The stones are completely boxed in, 
and a blast of air plays upon the grinding surfaces of 
the stones for the purpose of keeping them cool and 
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removing the flour as fast as it is formed ; the effect of 
which is, that nearly twice as much corn can be ground 
per hour as on the old system, and when the machinery 
is in operation, no dust or flour is flying in the mill. 

The corn, after being reduced by the millstones into 
flour, is taken up by a revolving band fitted with a 
number of leathern cups to a dressing machine, covered 
with wire or silk cloth of different degrees of fineness ; 
in which the meal is separated into fine and coarse 
flour of different qualities, and bran. The finest of the 
flour passes through the upper end of the machine 
which contains the finest wire or silk cloth ; the next 
division, fitted with coarser cloth ; and so on, producing 
difterent qualities of flour ; while the bran, which is the 
outer husk of the grain, and used for feeding cattle, 
being too coarse to go through any of the divisions of 
the wire cloth, is discharged at the other end of the 
machine. 

It is a melancholy fact, that in the vast Eastern Con- 
tinent, producing every variety of the principal cereals, 
and where corn forms the principal article of food of tlie 
majority of the people, and is so essential to the main- 
tenance of health, there are so few, hardly any, corn 
mills working with improved modern appliances. 
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M AN UFACrURlNG PROCESS ES. 

(1.) The Smut Machine is used for tho pui*pose of clean- 
ing all kinds of grain before grinding, and separat- 
ing dust and small 
gravel. The grain, 
in the first place, 
is elevated from a 
reservoir in the grain 
store-room by a self- 
acting apparatus with- 
out manual labour, and 
fed into this cleaning 
machine at its upper 
extremity. Then it is 
thorouglily agitated in 
its passage through 
this machine, in a wire 
cage, and exposed to a 
current of blast from 
a fan, which completes 
the removal of chaff 
and dirt. The result 
is that the whiteness 
of the flour is greatly 
improved, and also its 
wholesomeness, on ac- 
count of the impurities being separated, which collect 
in the casing. 

(2.) Grinding Stones . — The cleansed corn is elevated 
again, and by an endless screw conveyor conveyed 
into the hoppers of the grinding stones, where by 
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machinery a jigging motion is kept up, so as to shake 
the corn, and let it fall over the stones in equal quan- 
tities. So long as this action is going on properly a 



little bell is made to ring, the motion of which ceases 
with the supply of wheat. The stones are so dressed, 
grooved, and divided into parts, that when working 
the shai'p edges meet each otner like a pair of scissors, 
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and grind corn effectively. In modem mills an artificial 
blast is also used to keep the stones cool at the time of 
grinding. 

(3.) Dressing Machine , — ^Another elevator carries the 
ground grain, or meal, from the stones to a dressing 
machine above the stones, consisting of a revolving 
hollow cylinder placed in a slanting position, turning 
about 650 times a minute. The cylinder is covered 
with fine wire gauze, or fine silk cloth made for the 



purpose. The finest of the flour passes to the upper 
end of the dressing machine, which contains the finest 
cloth, thou to the next division of coarser cloth, and so 
on, till the bran, which is too coarse to pass through 
any of the meshes, falls out at the other end of the 
machine. To the bottom of the machine are attached 
sacks, which, being filled with clean flour, are removed 
as required. 


R 
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ESTIMATE FOR A CORN MILL. 

Machinery as shown on Plan 0. 

£ 

1 Com elevator for conveying com* over top of sniut machine ; 

I smut or com-<jl 0 aring machine, complete, with all fittings 
1 eh'Viitor for conveying cleaned grain from smut machine 
to top of mill stones, and screw conveyor for conducting 


wheal over stone hoppers 88 

3 Pairs gnnding stones, 48 inches diameter, host, with casings, 
feeding .and disengaging gear, with all fittings complete, 

with endless conveyor 332 

1 Flour elevator fi)r conveying meal from bottom of stones to 
1 double dressing machine, with silks, complete ; 1 separa- 
tor for the offals, with rotating sifter, com])leto . . .110 

1 High-pressure steam-engine, hoi-i/onhil, 16 H. P.,and 1 boih'r, 

doubled tluod, with all fittings complete . . . . 412 

Mill gearing for stones, upi)er and low'cr, wrought-iron shafting, 

wheels, pulleys, columns, &c 121 

Miscellaneous, including fan and exhaust apparatus, driving bands, 
crane for raising runner stonc’s, sacking cylinders with valves, 

&c. ; packing and free delivery on board . . . .110 
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DIMENSIONS OF A CORN MILL. 
Machinery as shown 07i Plan 0. 
Scale: 12 feet = 1 inch. 


Length, Nreadth, Square Height, Cubic 
I feet. feet. feet. feet. feet. 


Room with upper story con- ] 




1 



tjiining stones and other 
machinery . . . . j 


36 

29 

1,044 

26 

27,144 

Store-room for grain, shown ] 
on plan without scale . J 

I 

18 

29 

622 

26 

13,672 

Store-room for flour, not 1 
shown on plan . . . j 

1 

36 

19 

684 

11 

7,624 

Engine and ooilcr house , 


25 

29 

726 

13 

9,426 

Total of square feet and cubic feet 

2,976 


67,665 






oFui^ 


Ptncertt Brookst Lericbn, 
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Plan 0 shows the arrangement of the corn mill 
machinery so adapted as to make it work with as little 
manual labour as possible. The corn will be elevated 
by a self-acting mechanism from a reservoir in the 
store-room. Then it will be convoyed automatically 
from one machine to another, ground into flour, and 
the different qualities of fine and coarse flour separated, 
and the sacks filled up ready to be removed to the 
warehouse. The elevation and sectional plans will 
show distinctly how this is done, and the way in which 
each inacjhine is driven. The store-room for grain is 
not dra^\Ti on scale, and the warehouse for flour is not 
shown, but the sizes of both have been given in the 
dimensions of plan. 

The estimate for the com mill provides for three pairs 
of stones, with all necessary machinery for working on 
the modern system, and adapted for grinding rice, 
wheat, and all other kinds of grain. 

In most English mills the diameter of the mill-stones 
is 4 feet, and their thickness about 12 inches. For 
wheat one stone is composed of French burr, which is 
very hard but porous. As it is diflScult to get the 
stones of the required size it is usual to construct them 
in segments, firmly bound by iron hoops round the 
circumference. 

In the estimate the cost of a dressing machine with 
fine silks for separating the finest flour is included. If 
a dressing machine with iron wire be substituted it will * 
cost about £60 less. According to the fineness of flour 
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required, instructions should be given for the precise 
kind of dressing machine. 

The total cost as per estimate for the three grinding 
stones, with other necessary machinery, and including 
packing and free delivery, amounts to little more than 
£ 1 , 000 . 

The production of flour from the mill for which the 
estimate is given wiU be 150 bushels of wheat every 
ten hours. It has been stated that in many corn mills 
in England, fitted with the most improved machinery, 
each pair of stones grinds even more, of coarse flour. 

During the siege of Sebastopol a steam vessel was 
fitted up with fmr pairs of grinding stones, and other 
necessary machinery, for grinding corn for the use of 
the English army. From the official reports giving 
results of the working of this floating mill, it appears 
that when in harbour the daily produce of flour of a 
(Quality fit for the army was 24,000 lbs., which was 
more than had been calculated on ; and the expenses of 
working, including the establishment of the vessel, 
were 3.s. Irf. per 100 lbs. of wheat ground. During a 
certain period the total quantity of wheat supplied to 
be ground was 1,776,780 lbs., from which the quantity 
of flour was 1,331,792 lbs., with 358,172 lbs. bran. 

Portable grinding mills, for grinding from 6 to 10 
bushels, driven by a portable steam-engine, capable of 
grinding every shade of flneness, complete, with stones, 
are constructed, and may be had from £100 upwards. 
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EXJ’ORT OK RUJE, WHEAT, AND OTHER GRAIN FROM 
INDIA TO GREAT BRITAIN.* 


Year. 

nice. 

Wheat. 

Other Kindft. 

Quantitj’, Bice. 


JU 

£ 

£ 

Qrs. 

1866 





186;3 

5,573,537 

110,265 

272,606 


1864 

3,975,665 

78,C76 

271,136 


1863 

3,378,496 

112,056 

237,358 

2,201,183 

1862 

3,635,075 

147,501 

257,362 

4,576,563 

1861 

2,962,497 

135,059 

253,321 

3,795,137 

1860 

2,276,296 

112,222 

200,044 

2,233,864 

18.39 

2,433,145 

116,946 

261,781 

2,004,667 

1858 

3,449.172 

142,761 

198,441 


1857 

2,301,182 

138,499 

147,775 


1856 

2,598,070 

173,883 

124,309 


1855 

1,562,318 


180,212 


1854 

1,261,503 


162,151 

2,474,399 

1863 N 

1852 

1851 

Valuo of rice, wheat, 
and other grain in one 

{ 889,160 
) 869,002 
) 752,295 

1,158,763 

921,555 

771,672 

1850; 


i 

1 757,917 

818,992 


From Staliflticol Abstracts presented to Farliairent, 1867. 



BRICK WORKS. 



The art of making bricks is of tbe highest antiquity. 
Throughout the greater part of the world, according to 
the facilities of the soil and the necessities of the 
climate, it has been more or less successfully practised. 
In every country, with the ordinary progress and 
requirements of increasing population, commerce, and 
wealth, brick buildings are superseding the temporar}' 
buildings of wood and mud which yet prevail in several 
regions. 

Although the art of making bricks is very ancient, 
it scarcely received any improvement from the aid ol‘ 
machinery until within the last few years. Machinerj' 
is now employed for grinding and crushing the clay, 
and for making bricks. The bricks made by hand are 
generally of very inferior quality, while those made by 
machinery, in appearance and strength, and adaptabilitj^ 
to architectural purposes, are far superior. By the use 
of machinery the great inconveniences attendant on 
moulding the bricks by hand, and the delay in drying 
the hand-moulded bricks, caused by the presence of 
excess of water in the clay, are also obviated to a great 
extent. When the process is carried on with good 


INTRODUCTION. 


247 


machinery in a factory, the whole goes on in har- 
monious order, with ease and regularity; and the 
rapidity and amount of production in a given time by 
machinery are also great when compared with the 
hand process. The bricks are more compact, more 
perfect in form, and the edges more sharply defined, 
and so smooth and sightly in appearance that for 
facing the outside of houses no plaster is at all required. 
Ventilating bricks and hollow bricks are now exten- 
sively made in England, which take less material and 
are lighter, as well as bricks adapted for partition 
walls, for arches, doors, chimneys, &c. 

The machinery for making bricks is divided into two 
classes ; the one operates on the clay in a moist and 
plastic state, while the other requires it to be dried and 
ground previous to being moulded. In the former 
class the jdastic clay is formed into a continuous length 
in the luacliine, and is then divided into bricks by 
means of wires moved across by manual labour. This 
process i*equires the clay to be soft. The bricks thus 
made are only a little harder than those made by hand, 
and require to be dried before being placed in tlie kiln. 
In the second class, the dry process, the bricks are 
compressed in a dry state in the mould; but the 
process of drying the clay and reducing it to a uniform 
powder requires more motive power to drive the 
machinery. 

It has been stated on very good authority that the first 
requisite for the proper working of wire-cutting machines 
by the wet process is, that the clay should be a strong 
plastic kind, or it will not pass through the orifice or die 
of the machine with a surface sufiiciently smooth for the 
face of the brick. With clay of this degree of plas- 
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ticity, the drying and burning processes, so important 
to the manufacture of sound bricks, are apt to be 
irregular, and to cause a large proportion of unsound 
and inferior make to result. In order that the bricks 
may be dried and burnt in the kiln in a regular and 
sound manner, it is found necessary to reduce the te- 
nacity of the clay by the mixture of sand, &c., in certain 
proportions, so that the bricks may not crack during 
the operations of drying and burning. But if the sand 
be not finely divided and well mixed in the mass it is 
apt to impede the cut of the wires, and to leave rough 
uneven ends. For these and other reasons the dry 
process of manufacturing bricks is more generally 
adopted. 

As regards burning the bricks after being made b}' 
either class of machinery, Professor Thomson, in a 
paper read before the Chemico- Agricultural Society, 
pointed out the great loss of heat which occurs in the 
ordinary modes of burning in the common kilns ; the 
air which has passed through the fuel or among the 
heated bricks, and the smoke, pass away from the kiln 
to waste at a very high temperature — even at a red 
heat — during a considerable part of the process. When 
the bricks are raised to the high temperature required 
to burn them, and render them permanently hard, the 
great store of heat which they contain is entirely 
thrown to waste while they cool. lie stated that he 
has noticed with much interest the very admirable 
principles of a new kind of kiln with perpetually 
revolving fire, invented and patented by F. Hofimann, 
of Berlin, both for brick-burning and lime-burning. 
In this new kiln economy of fuel is effected in a two- 
fold way ; in fact, by saving the twofold loss of heat; 
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for, first, it saves tlio licat of the gaseous products of 
combustion and unconsumed air passing through and 
away from the burning bricks, by applying this heat 
effectively in drying the new fresh bricks about to be 
burnt, and raising them up to an incandescent tempera- 
ture, so that only a very slight addition of heat directly 
from ignited fuel is required to complete their burning; 
and, secondly, it saves the heat of the cooling bricks, after 
their having boon sufficienily fired, by applying it all 
in warming the air which goes forward to supply the 
fires ; so that the fuel is burnt with air already at an 
incandescent temperature, instead of requiring, as 
usual, to heat the air for its own combustion. 




I 

I 

1 




WET PBOCESS. 

The machine combines the three processes of crush- 
ing, pugging, and brick-making. The clay is dug and 
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spread over a large surface of ground, and tempered 
with water by manual labour into a mass of soft clay, 
by turning it over several times, and is then thrown 
into a hopper, below which work a pair of crushing 
rollers. There is an instrument with a number of 
knives, or blades, to cram in the clay. Tlie crushed 
clay falls directly from the revolving rollers into a pug- 
mill, the object of which is to incorporate the various 
component parts of clay, and to make it of one uniform 
character. The pugged clay is then forced out through 
an aperture into a horizontal clay-box, or chamber, 
where, as in the steam-engine by the action of a piston, 
the clay issues in a stream on the deli very- table, where 
it is cut into the desired thickness of bricks. 

DRY PROCESS. 

The dry brick-making machine works on the prin- 
cijDle of forming the clay into moulds, instead of forcing 
it througli orihcios or dies. The clay, as dug up, is 
delivered to the machine ; or, if the material consists of 
marl or fire-clay, or stony earth, it is crushed through 
rollers, and delivered to the machine, which works it 
into a dense mass with great solidity, and fills the 
moulds of the form and size of brick required ; these 
are arranged on a circular revolving table. Two moulds 
receive their charge of clay at a time ; and while this 
operation is going on, two other moulds that had been 
previously filled are subjected to considerable pressure, 
by pistons working on the opposite side. The finished 
bricks as discharged from the moulds are delivered on 
to a revolving endless creeper band for removal to the 
kiln. 

Hoffmann's kiln for brick and lime-burning. 

The kiln is about 160 feet in diameter for a delivery 
of 25,000 bricks per day. 

The kiln is built in the form of a large arched pas- 
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sage, like a railway tunnel, bending round in going 
forward on the ground till it closes with itself to form 
a great circular ring-chamber, within which the burn- 
ing of the bricks is carried on. Round its circumfer- 
ence there arc twenty- four entrance door- ways, admitting 
of being closed, so as to retain the heat and exclude all 
entrance of air by the door-ways so built up. The 
great chamber may consist of twenty-four compart- 
ments or spaces, with one of these door-w'ays to each. 
In the centre of the ring a high chimney is erected, 
and from each of the twenty- four compartments of the 
annular chamber an underground flue leads into the 
chimney. There are, then, twenty-four of these flues 
converging towards the centre like the spokes of a 
wheel ; and each flue has a valve, by which its commu- 
nication with the chimney can be cut otf. Arrange- 
ments are made by which a partition like a damper can 
be let down at pleasure, so as to cut off all communica- 
tion between any of the twenty-four compartments of 
the ring-kiln and the next one. After being once 
kindled, the fire is never extinguished, but the burning 
of new bricks and the removal of the finished produce 
is carried on by a continuous and regular process from 
day to day. From one of the two open compartments 
men take out the finished and cooled bricks, and in the 
other one they build up newly-formed unburnt bricks. 
The air entering by these two compartments passes first 
among bricks almost cold, takes up their heat, then 
goes forward to warmer bricks, then to hotter and 
hotter, always carrying the heat of the cooling bricks 
forward with it till it reaches the part of the ring 
diametrically opposite to the two open and cold 
compartments. At this place it gets a final accession 
of heat from the burning of a very small quantity of 
of coal, which is dropped in among the bricks from time 
to time by numerous small openings furnished with air- 
tight movable lids. 
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ESTTMATEkS ecu a brick and tile work. 

1. Machinery for Wet Process, as shoum on Plan P. 

£ 

Doublo day hoist, Kiils, compltjte, with G trucks 

with wrou^iit axles, wheels, &;o 228 

2 lini)roved briek-inriking machines, combining the three pro- 
cesses of crushing, pugging, and hrick-imikiug, each capable 
of pi-oduciiig 12,000 bricks per day, including dies and exUns, 
applicable also for making tiles, dr.iin i>ipes, Ac. . . . 525 

Steam-engiiK', horizontal, high-pressurti, 20 H. P., ( omplett', w ith 
boihr, hot- water heating apparatus, shafting, giiiiring, driving 
belts, and all iron work for Hoffman’s kiln, comjdoto . .700 

£1,513 

2. Machinery for Pry Process, as shown on Plan P. 


(Jlay hauling ap]»aratus, self-acting, with chain and mils, wag- 
gons, complete 130 

Olay grinding mill, with fan, edge rollers, fitted complete . . 268 

Elevators, self-acting, to cany cuay from the giinding mill over 

brick maebim', complete , , , , . . .,46 

Brick-making nmehine fitted up complete, with revolving table, 

moulds, Ac., for making 14,000 bricks per day . . . 670 

Brick press, to be fixed in front of brick machine', complete, with 

duplicate di(’, with creciper for carrying away the bricks, Ac. 50 
Steain-engiTK!, 25 II. P., complete, with boiba*, shafting, gearing, 
columns, water cistern, pump, drums, straps, and ii'on w'ork 
for kiln, Ac. 750 


£1,803 


3. Portable Prick^Making Machines, 

Crushing, pugging, and brick-making machine, with dies and 
wire cutting, producing about 100,000 bricks per week, by 
wet process, complete, with steam-engine, boiler, &c. . . 650 

Socond-size machine, similar to the above, for producing about 

76,000 bricks per week, with engine, boiler, &c., complete . 380 
Third-size machine, without crusher, for clay free from stones, 
producing 9,000 bricks per day, arranged for working by 
animal power 165 
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£ 

Machino for tiles and pipes, also for solid or hollow bricks, 

worked by animal power 55 

Tile pressintf inachinos, from £26 to ^2^ 

Morfcir and loam mills, from £40 to 

Machine with mill, revolving table, moulds, steam-engine, 
boilers, with all fittings complete, capable of making 10,000 

bricks per dav by dry process 675 

Clay crushing rollers, 20 to 25 in. diam., complete, from £25 to . 130 

Combined rollers with pug mill, from £100 to . . ‘ . .175 


DIMENSIONS OF BRICK AND TILE WORKS. 
Machinery as shown on Plans P. 

Scale : 16 feet == 1 inch. 



Length. 

Breadth. 

Siinoi-e 

feet. 

Height 

Cubic 


feet. 

feet. 

fuut. 

feet. 

Wot process machinery for 1 
making bncks . . . j 

46 

38 

1,748 


20,220 

Dry process macliinory for 1 
making bricks . . . j 

70 

27 

1,890 

20 

37,800 

Boiler houso ..... 

27 

9 

243 

8 

1,JM4 

Total of square and cubic feet 

2,133 


39,744 
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REMARKS ON BRICK AND TILE WORKS. 

Brick-making machinery should be adapted to the 
character of the clay. Some clays require for a good 
brick-making machine little or no preparation, while 
other clays require expensive machinery. Choice of 
site and selection of clay arc therefore important pre- 
liminaries before ordering brick-making machinoiy, as 
the perfection and economy of the operations on the 
factory system will mainly depend on the quality of 
claj^, and the general arrangements adopted in con- 
formity therewith. Want of attention to this im- 
portant point has been the chief cause of failure in the 
case of the Bombay Brick Works. 

It is necessary that about half a ton of clay should 
be tested either in India or in England, to determine 
which class of brick- making machinery will answer the 
purpose, as, if in ignorance of the kind of clay to be 
worked, no sound opinion could bo given. 

Bricks being a very heavy article, the cost of carriage 
is also an important consideration, otherwise it will 
absorb all the profits. Brick machinery shoidd be 
erected as near as possible to a town to save the distance 
of cartage. 

From the estimates it will be seen that the machinery 
for making bricks by the dry process will cost more 
than by the wet process. But the great drawback to 
the latter is that the bricks are required to be cut by 
manual labour, and dried, and cannot be removed direct 
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to the kiln as is done in the dry process. It is believed 
that the dry process of making bricks will be applica- 
ble in more cases, and though it requires more motive 
power to drive, it has certain advantages over the wet 
process. The latter, however, will answer very well 
if the clay is suitable for working by the machinery. 

When ordering brick machinery, it is necessary to 
give the length, width, and thickness of the bricks 
required to be made. Bricks shrink in drying and 
burning about one-eighth of an inch per inch, for which 
allowance should be made. 

Bricks of any size or form, and also roofing and 
paving tiles, are made by the same brick-making 
machine, by adopting suitable dies, moulds, and ac- 
cessories. 

Ornamental bricks are also made of a variety of 
colours, by mixing different substances with clay, 
which, by a judicious combination in the arches and 
other parts of a building, produce a very pleasing 
effect. 

Estimates and plans have been given for both pro- 
cesses, making bricks either by the dry or wet process, 
and for permanent works for 2 )roducing millions of 
bricks on the factory system. These include a self- 
acting hoist for discharge of clay, and other improve- 
ments. Brick-making machines are made of all sizes, 
adapted for temporary works and limited production, 
of which a price list has been also given. The total 
cost of the brick and tile works, as per estimates and 
plans, including buildings, kiln, &c., may be calculated 
at from £3,500 to £5,000. The cost of manufacturing 
bricks, English size, 9 X 4^ X 2|, when burnt, may 
be reckoned at about £1 10s. per 1,000 finished bricks; 
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this will of course vary more or less according to the 
^ice of coals, &c. 

In manufacturing bricks the construction of the kiln 
for burning the bricks is a matter of very great im- 
portance. A description of the most recent improved kiln 
is given, and though it is much more costly in construc- 
tion than the ordinary kilns, it has been stated to ctfect 
great saving in fuel. The bricks burnt by this im- 
proved process are sounder and of better quality than 
from ordinary kilns. 



STEAM MOTIVE POWER. 

INTRODUCTION. 

No one can doubt the great superiority of steam as a 
motive power for driving machinery, compared with 
animal or even water power. 
The operation of the steam- 
engine is continuous, regular, 
and constant, and can bo ad- 
justed to the greatest nicety ; 
whereas animal or water power 
is very fluctuating and irregu- 
lar, and that unavoidably so. 
There are few places in India 
where the supply of water is 
abundant and constant through- 
out the whole year, and can be 
relied on as a means for driving 
machinery ; hence, as a general 
rule, the use of the steam-engine 
is preferable, as a means of 
manufacturing with economy 
and certainty. The application 
of steam to all branches of in- 
dustry is almost universal, and its importance and ines- 
timable value are recognised throughout the civilised 
world. If only water power was to be made use of in 
India and other parts of Asia for driving machinery, the 
material prosperity to bo derived from manufactures 
would be limited. 

It was by the genius of James Watt that the power 
of the steam-engine was first applied in manufactures, 
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in the year 1769 ; and since then it has been improved 
from time to time by eminent men in all parts of 
Europe, and by numerous modifications applied to all 
purposes of manufacture, driving machinery, impelling 
ships and I’ailway trains, grinding corn, printing books, 
hammering, planing, and turning iron, and performing 
any description of mechanical labour where power is 
required. 

As an economiser of labour and time the steam- 
engine has contributed more 1o human progress and 
comfort than any other mechanical invention ; and as 
a motive power in the industrial arts it takes the pre- 
cedence of all other pow’ers. 

A steam-engine consists essentially of a vessel, made 
cylindrical for giving the greatest strength, and fitted 
with a movable piston. The 
cylinder is placed cither vertical 
or horizontal. All the other 
parts of the steam-engine are for 
the purpose of regulating the ad- 
milsion of steam, and for produc- 
ing a rotary motion at the point 
where the power is required to be 
applied for working machinery. 

In connection with the steam- 
engine, the nature and proper- 
ties of water arc of great im- 
portance. Water is solid when 
the thermometer stands at 32® 

F., fluid at ordinary tempera- 
tures, and vapour or steam when 
the temperature is raised to 
212®. But if this high temperature be not kept up the 
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vapour is converted into water again. This property 
of reconverting from the form of vapour to that of 
water is invaluable in the steam-engine, by condensing 
the steam to its original bulk of water, and withdrawing 
that water and forming a vacuum. Another property of 
steam is expansibility or increase in bulk, the weight re- 
maining the same. A cubic inch of water will give steam 
that will occupy 1,728 cubic inches, or one cubic foot of 
space. Steam also possesses the property of elasticity, 
as it has a tendency to free itself from the space in 
which it is confined. When the natural bulk of steam 
is compressed into half the space, the pressure is doubled, 
and so on. By cutting off the entrance of steam in any 
vessel or cylinder in which a piston moves, equal to 
half the stroke or length of the cylinder, the piston 
having received a momentum is propelled through bv 
the expansive force of steam, and a quantity of steam 
and fuel is saved in proportion. 

The elastic force of steam is regulated by the tem- 
perature under which it is raised, and increases in a 
much faster ratio than the temperature at which steam 
is generated. Thus at 212'’ steam exerts lf5 pounds 
pressure to the square inch ; if the temperature is in- 
creased to 250'’, the elastic force is double, or 30 pounds 
pressure to the inch ; and when the temperature is 
400®, the force is 240 pounds to the square inch. The 
advantage, therefore, of using high-pressure steam is 
apparent. A small accession of heat at a high tem- 
perature produces an increase of elastic force, and the 
saving of fuel is in proportion to the increase of pres- 
sure. There is an invariable correspondence between 
the force of steam and the temperature at which it is 
raised. 
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To raise steam to a certain elasticity a certain quan- 
tity of fuel is required. If that steam be allowed, after 
having moved the piston of the steam-engine, to escape 
without having acted expansively^ a portion of the fuel 
which was consumed to raise the steam up to that point 
of elasticity will be lost. The result of working steam 
exjmnidcehj in the steam-engine is that power is made 
available by using the steam up to its last impelling 
force, and not allowing it to escape until the whole of 
that available force has been expended. If the steam 
from the boiler be cut off early when entering the 
cylinder, and expanded to its full available limits, then 
the highest pressure will have been used on the piston 
down to tlie lowest point. If steam be alloAvcd to 
escape from the cylinder before its full force is cxf)onded 
to the lowest available pressure, the loss will bo in 
proportion to the amount of the pressure not made 
available. 

In the condensing steam-engine, when the steam is 
no longer required for working the piston in the cylin- 
der, it is conducted by a pipe to another vessel, called 
the condenser^ and, by . the application of jets of cold 
water, is condensed into water. The water formed by 
the condensed steam is removed from the condenser by 
a pump ; a vacuum is thus produced, which assists the 
escape of steam from the cylinder. The engines con- 
structed for working the steam on this principle are 
called condensing engines. 

In non-condensing engines, the steam, when no longer 
required for working the piston, is allowed by a pipe to 
escape into the open air, and has to force itself against 
the pressure of the atmosphere. But there is no resist- 
ance when the steam is conducted into a condenser. 
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This is the essential diflbrence between condensing and 
non-condensing engines. 

The form of the steam-engine is either vertical, beam, 
or horizontal. The beam engine is heavy and costly, 
requires costly foundation, and occupies also a great 
deal of room. In the International Exhibition of 1862 
two steam-engines were shown of 30 horse-power, by 
the same maker, both having the same power; the 
weight in the beam engine was 15 tons more than in 
the other. The horizontal form of steam-engine is now 
superseding the beam engine, on account of the simpli- 
city of its construction and working, the less liability 
to break-downs, and the saving in first cost. A beam 
engine, say of only 12 horse-power, if it costs £320, the 
horizontal engine of the same power would eost £280. 
The advantages claimed for the beam engine arc that 
the cylinder and piston 'wear better; but it has been 
advanced that the cylinder made of a good metal is a 
long time in wearing, whatever may be its position ; 
that the advantages claimed are merely supposed, and 
that the points of objection against the horizontal are not 
real. Moreover the form of the beam engine prevents 
the adoption of that speed of piston at which, all 
things taken into account, steam-engines work most 
economically. 

The term Iiorse-pmer was introduced by James Watt, 
to enable him to determine what size of steam-engines 
should be sent to his customers. He required them to 
tell him how many horses they were accustomed to 
employ to do the required work. It was found by ex- 
periment that the average force exerted by the strongest 
horses was equal to 33,000 lbs. raised one foot high in 
one minute, and this was taken as equivalent to one 



INTRODUCTION. 


263 


horse-power. Since the time of Watt, however, the 
capacity of the cylinder of the steam-engine answerable 
to a horse-power has been increased, so that at the pre- 
sent time a horse-power is a term for expressing a 
certain size of cylinder without reference to the power 
actually exerted by the steam-engine. 
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Condensing Engines are also called low-pressure en- 
gines. The steam in this class of engines, after 
having worked one way in the piston, is condensed by 
injection of cold water thrown by a feed-pump into tlie 
condenser. Tiie water of condensation is drawn ofi'by an 
air-pump ; a vacuimi is formed, the extent of wliieli is 
seen at once by the rising or falling of mercury in a 
glass- tube fixed in the engine-house. Thus steam in a 
condensing engine is made to answer a double purpose, 
and the property of steam of reconverting into water is 
practically made use of. The cooler the water ibr con- 
densing steam, the better is the result in working the 
engine ; for which reason large reservoirs are re- 
quired. 

Compound Engines are high and low pressure com- 
bined. The principal feature in these engines is that 
the steam, after having been more or less expanded in 
a small cylinder, is further worked in a large cylinder ; 
the expansion of steam is carried further for the purpose 
of ensuring economy of fuel ; then the steam is con- 
densed by jets of cold water, and the water withdrawn 
from the condenser by a pump as in the condensing 
engine. The condenser of a steam-engine for working 
in a hot climate is made of a larger size. 

A High-pressure Engine is more compact than a con- 
densing or compound engine, as no air-pump, condenser, 
&c,, are required, and therefore it is also cheaper. The 
steam in the high-pressure engine is admitted from the 
boiler into the cylinder, as usual in the steam chest, 
where a valve works steam-tight. After working in 
the cylinder of a high-pressure engine, steam is not 
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condensed as in the condensing engine, and no vacuum 
is produced ; but it escapes into the air. One side of 
the piston of a high-pressure engine is open to the 
atmosphere, the resistance of which it has thus to meet. 



and the corresponding effect is produced on the piston ; 
this is not the case in a condensing or compound 
engine. 

The Cornish or Cylindrical Boiler is the prevailing 
type of stationary boilers in England, and is now Avork- 



ing in many mills and other establishments in India. 
It consists of a cylindrical shell with one or two flues 
passing through it from end to end, of which the near 
ends are fitted up as furnaces. Some of these boilers 
are constructed with a number of stays, uniting the top 
and bottom, so that a free circulation of water is main- 
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tained, and a free delivery of steam effected, while a 
considerable addition to the heating surface is ensured. 



This type of boiler is now generally adopted for its 
general ability to fulfil the various requirements in 
practice. 

The Fuel Economiser^ adopted for utilising the waste 
heat from boilers, consists of a scries of pipes, placed in 
the main flue behind the boilers, through which the 
smoke passes on its way to the chimney. The patent 
consists in the use of self-acting scrapers that work on 
centres on the pipes, furnished with a steeled thin 
cutting edge, by which the soot deposited on the pipes 
by the smoke is effectually removed by the creeping 
continuous motion given to the scrapers, without any 
attention on the part of the fireman. The boilers can 
bo worked whenever desired, independently of the 
economiser, by a reserve flue and damper. 

The Indicator is a piece of mechanism by means of 
which, at any time when the engine is in motion, the 
working condition of the engine, the force of steam, and 
the quantity of coal consumed per hour, are known. A 
diagram is traced on a paper by the revolving cylinder 
by a pencil, and by means of a scale the distance on the 
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diagram is measured, and from tliat the exact pressure 
of steam per square inch upon the piston of the engine. 
As a satisfactory method of knowing the working capa- 
bilities of a steam-engine, this little instrument is now 



in all well-conducted factories in cvery-duy use ; seeing 
that whenever any part of the engine gets out of order 
and is working defectively, the fact is known at once. 

The Injector is now extensively employed as a substi- 
tute for the ordinary feed-pumps, where a boiler is used 
and steam produced. It is entirely independent of the 
engine, and is put in operation at once by simply, 
opening connections with the boiler. As it acts when 
the engine is at rest, it supersedes the donkey-engine, 
and is very useful for filling the boiler with water when 
the engine is not working. 
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PRICES OP HORIZONTAL HIGH-PRESSURE STEAM- 
ENGINES AND BOILERS, WITH ALL IMPROVEMENTS. 


Weight of 
Engines, 
lioiler, &c'. 

Tons. Cwt. £ 

4 1.3 OG 

5 5 144 

6 15 192 

7 10 210 

0 5 288 

10 10 ;]36 

11 10 381 

12 10 432 

13 10 480 

14 16 520 

10 10 576 

18 5 624 

20 0 072 

22 0 720 

25 10 840 

27 15 980 

34 0 1075 

39 0 1120 

be preferable. 


Prices of Cotidensing Engines mag be calculated about £‘6 additional 
per horse-poiver. 
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PliTCES OE PATENT FUETi ECONOMISER. 


Boiler. 

Pipes 

rerpiired. 

Weight. 

Price. 

With 

casing.*^ 

Lcn^rth. 

Diam. 


ewt. 

£ 

£ 

13 

4 

16 

40 

GO 

72 

14 

6 

18 

45 

75 

90 

1.) 

6 

24 

60 

90 

108 

18 

f) 

32 

80 

120 

144 

18 


32 

80 

120 

144 

20 

5> 

40 

90 

151 

180 

20 


40 

90 

151 

180 

21.^ 

fij 

40 

90 

151 

180 

22 

7 

48 

120 

181 

217 

2o 

7 

48 

120 

181 

217 


* A brick wall round the ei-onoTniser answers all the purpose of iron cnsinp:, but the 
advaiitn^'e of the latter ia that it cun be removed and reflxed whenever wanted for 
repairs, &r. 


PRICES OF PORTABLE STEAM-ENGINES MOUNTED ON 
BOILERS ON WHEELS, COMPLETE FOR WORKING. 


Power of 
Engines. 

Cyl iiider. 

Price. 

Power of 
Engines. 

Cylinder. 

Price. 

4 Horse. 

Single. 

£ 

140 

14 Horse. 

Double. 

£ 

390 

G „ 

17 

175 

16 „ 

17 

415 

8 » 

>f 

210 

18 „ 

77 


10 „ 

Double. 

270 

20 „ 

77 


12 „ 

7 » 

300 

■1 
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The primary object of steam-engines and boilers in- 
tended for working in India and the East, is that they 
should be designed and constructed specially for economy 
of fuel ; as fuel, generally speaking, is more costly tlian 
in hhi gland. The cost of the engines themselves, 
therefore, ought to be a secondary consideration. Tlie 
price list of engines is for the best, with all tlio recent 
improvements. The class of steam-engines suitable for 
India and otlicr places in the East is no doubt the con- 
densing engine, or the compound engine, or high and 
low pressure combined, provided the supply of water 
for condensing steam is quite ample throughout the 
year ; otherwise, for want of sufficient water, great 
difficulty will be experienced in working these engines, 
and even at times entire stoppage of the works will be 
the consequence. As some provision against any un- 
foreseen shortness in the supply of water, it would be 
well to have an arrangement in the condensing engine 
to throw the exhaust steam into the atmosphere, and 
shut the passage into the condenser. In some situations 
the condensed water from the condensing engine may 
be usefully employed for driving smaller machinery. 
The consumption of fuel in a condensing engine will 
be about 15 per cent, lower than in a high-pressure 
engine. Non-condensing or high-pressure engines arc 
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cheaper than condensing or compound engines, as 
there is no condenser or air-pump attached. Where 
the supply of water is not abundant these engines will 
suit well, and will work without trouble ; but the con- 
sumption of fuel will be more than in condensing or 
compound engines. The principle of working steam 
expansively has been applied to both classes of engines. 
Various forms of valves are used in the construction of 
steam-engines for working the steam economically, and 
recently Corliss’s valve gear has been apidied, in some 
of the largest textile Victories in England, with the 
advantage of saving more than ten per cent, of fuel. 
Not half the number of engines sent to India for the 
cotton niills, even by the best makers, had the cylin- 
ders clothed for economy of steam ; but on account of 
more competition, the makers have commenced to 
design engines to ensure economy of fuel, about which 
they were at first indifferent. Some of them have 
made it a rule to clothe the cylinders of oacdi steam- 
engine made by them with hair felt, mahogany, and 
iron casings, and a steam jacket to maintain a suitable 
temperature in w’orking steam expansively. The con- 
denser is also made of a larger size than usual, for 
working better in a hot climate. 

The class of engines employed in almost all the mills 
in Bombay is the horizontal compound engine, high and 
low pressure combined. An example may be cited here 
of the most approved form. If the diameter of the 
high-pressure horizontal cylinder be 18J inches, that 
of low-pressure or condensing cylinder will be 30 inches, 
both with 5 feet stroke; the vertical air-jnimp will 
be 22 inches diameter, 2 feet stroke, condenser 26 
inches diameter and 50 inches high, and cylinders 



272 


STEAM MOTIVE POWER. 


fitted with valves and apparatus for cutting off at 
different portions of the stroke ; with plates for bottom 
of engine, foundations, and for carrying air-pump and 
condenser. 

The class of boilers that will answer well in India, 
China, and other places, is the boiler with patent taper 
stays, as it generates more steam with less fuel than 
any other boiler in ordinary use. The generating 
power of this boiler has been stated to be that one 
pound of ordinary coal will evaporate 9^ to 9^ lbs or 



nearly one gallon of water per hour ; while a common 
two-flued boiler without patent stays evaporates 8^ lbs ; 
and in a double boiler, mounted one over the other, sent 
to Bombay, it was only 6^ lbs with Welsh coal. Boilers 
should be above the ground level, otherwise it has 
been. found from practical experience that in the mon- 
soon, when the ground is very damp, there is great 
loss of time and fuel in getting and keeping up steam. 

In 1866 a boiler was patented in England and worked 
in the Paris Exhibition, composed of wrought-iron 
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tubes. The advantages claimed for this boiler are, that 
there is great economy in getting up steam ; the cir- 
culation of the water is well kept up within every part, 
as each tube has within it an internal one rising up to 
the water space ; no joint or bolt is exposed to the 
action of the fire ; the tubes can be examined and 
replaced in a quarter of an hour ; it can be packed up 
in a small compass for exportation ; and the bursting 
pressure of each tube being 2,000 pounds per square 
inch, there is no risk of explosion. 

The Fml Economiser^ for which the price list is given, 
is one of the important practical inventions for saving 
fuel, by using up a considerable amount of surplus heat, 
which otherwise would escape up the chimney. The 
economiser is very simple in construction, is not very 
expensive, and works satisfactorily. Even in England, 
where coal is cheap, it has been applied in many factories, 
and the proprietors have testified in writing, after 
working it for some years, that it effects a saving qf 
fuel from ten to fifteen per cent. It is notr working 
in the Bombay cotton mills recently erected. It is 
made of all sizes, and is applicable to boilers of any 
description. 

For consuming smoke from chimneys, which is a 
source of nuisance, numerous patents have been taken 
out. One of the expedients adopted in Lancashire is 
this : A supply of air for consuming the smoke is in- 
troduced at the front of the furnace, and adjusted to 
the wants of the furnace by jets of steam. The steam 
nozzles with the air tubes possess the power of urging 
and creating a draught, with such precision as to sweep 
the whole surface of the fuel. But even with all im- 
proved appliances, an attentive stoker is absolutely 
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necessary, as mucli depends on the way the boiler is 
fed with coals, there being a right and a wrong way 
in this as in other matters. If care be not taken to 



give the fuel enough air, it will smoko. The preven- 
tion of smoke depends upon perfect combustion, and 



this leads to economy in fuel. A self-acting feeding 
furnace to work with economy has not yet been con- 
1 rived. Portable engines, and engines with their boilers 
on wheels, are now extensively used in England where 
fornierly horse-power was employed, and are of special 
utility for supplying steam power for agricultural opera- 
tions, and temporary works. Directly on the top of the 
boiler a high-pressure steam-engine with a single or 
double cylinder is fixed. Portable double expansive 
engines are now made, of 6, 8, 10, 12, or 14 horse- 
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power, so improved that the makers guarantee that the 
consumption of fuel will not exceed respectively 2, 3, 
4, 5 and 6 cwt. of coal per day. 

The nominal horse-power of a steam-engine does 
not express the actual power. Steam-engines are 
worked and proportioned to exert three times, and 
even more than three times, the nominal pow'er. Hence 
the proportion between the actual power exerted and 
the nominal horse-power is varying, the dimensions 
of the engine expressed in nominal horse power not 
exactly expressing the power that will be exerted. 

By burning four pounds of fuel, more or less, ac- 
cording to the construction of the engine, boilers, and 
management, a mechanical effect of 1 horse-power is 
obtained, and the standard of 1 horse-power applied to 
the steam-engine is 33,000 pounds raised one foot high. 
This standard was fixed in a court of law in England, 
in which the question arose as to what constituted a 
nominal horse-power in a steam-engine. 

It has been shown, from actual practice, that the 
indicator is as useful to a person in charge of , a steam- 
engine as a compass is to a navigator. By testing the 
engines with the indicator, the defects are at once laid 
bare, the valves are properly set, and a great saving of 
fuel is the result, besides additional power obtained. 
This has been demonstrated and proved in several 
cases. In one mill, after the engines were indicated 
and the valves properly set in, and the steam cut off 
at the proper length of stroke, the consumption of coal 
was reduced by nearly half. In another mill the con- 
sumption of coal was 7^ lbs. per hour per horse-power. 
The engines were indicated, but after the proper setting 
of the valves, increasing the pressure of steam, and casing 
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the cyliiiflors, the consumption of coal was reduced to 
5^ lbs., besides the advantage of the addition to power 
gained. These examples show the necessity of indi- 
cating the engines every day ; but though the indicator 
does not cost more than a few pounds, with rare ex- 
ceptions it is not made use of in the Bombay cotton 
mills, ntoro on account of the incompetcncy of the 
persons in charge of it than any other cause, proving 
that cheap incompetent engineers are very dear in the 
end. 

It has been stated that the consumption of coals in 
the Corliss engine, which is now made by more than 
one firm in England, is 2ilbs. per indicated horse-power 
per hour. 

Gas engines are now made in England, and are used 
in certain situations in centres of towns, where a very 
limited power is required, as in small printing establish- 
ments or very small workshops. The gas engine re- 
sembles in general appearance the horizontal steam- 
engine, but requires no steam, coal, or chimney. The 
gas with which Bombay and Calcutta are now lighted 
is the agent which imparts a regular motion in the 
engine. The engine consumes about 90 cubic feet of 
gas per horse-power when working, is free from danger, 
and is started or stopped by merely turning a gas cock. 
In a waterfall the power generated with any given 
quantity of water is measurable by the difference of 
level between the highest and lowest points. 
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OF 1867. 

(From the Engineering Journal, May, 1867.) 

There is an American steam-engine which arrests the attention of 
every competent engineer who walks round the circle of that dcpai-t- 
ment. It embodies all the characteristics of American engineering ; it 
is light in structure, elegant in design, refined in artifice, charming in 
its simplicity, and yet thei-e is nowhere any sacrifice of perfection or 
usefulness for a fictitious scmhlance of simplicity. Where anything is 
to be done, it is done straightforwardly and to the purpose ; there is no 
pretence of doing two things at once, while seeming to do one. The 
engine is called the Corliss engine ; it is not a. novelty in America, and is 
not unknow'n to well-informed English engineers. Novoitheh'ss, wi- 
may safely say it is a practical novelty, and the manner in which it is 
<lcsigned aiwl oxoculed is admimble. Its special peculiarities are its 
valves, and the mode of working them, and its general disposition and 
structure. It is made like all American engines, with saving of fuel as 
the gix'fit consideration. Ilocauso we hav<i cheap fuel, w'c have too 
often to pay the penalty of had en^ncoring. Americans make 

fuel out of hrains, and a Yankee engine doing the same work as one ot 
ours on half the fuel at onco deprives us as a nation of any manufactur- 
ing advanb.'ge from our cheap and abundant fuel. Tlie Corliss enginti 
spares every ounce of coal ; it is always on the watch to do so, and so 
lively is it that the moment the engine goes its speed, and can spare a 
littbj steam or coal, the wahshful mechanical governor of the engim 
takes to sparing the steam and hoarding the fuel. Just as a good loco- 
motive driver is always watching for tho opportunity of putting thi) 
expansion gear on a new notch to incrcfiso his cut-off, so is the 
mechanical govommont of the Corliss engine carried on by mcchatiism 
which successfully represents the care and skill of an accomplishetl 
driver. The engine has four ports at what W'O may call the four 
comers of the cylinder. They are worked by four indopendtmt valves. 
The objert of this is to spare all passages and all waste in them. The 
engine has detached the escape valves from the steam- val\<is, so that 
both may have independent motions ; but to the steam- valves is added 
what wo may call a detaching movement, and this “detent” movement 
is one of the characteristics of the engine. It is indeed very i)eculiar, 
original, and American ; it is tho moans by which the meehanical 
governor, ever on the watch, renders the engine “autonomic.” It acts 
thus : the valve-rod of each steam-port is held, as it were, between the 
finger and thumb of what one may call the right aim and the loft arm 
of the governor. These two arms arc moved regularly back and for- 
ward by an unvarying motion ; but tho finger and thumb of each hai d 



278 


STEAM MOTIVE POWER. 


of tho f^ovcmor lot go their hold of the Bteam- valves the moment the 
governor judges that enough steam has entered ; and tho luoinent the 
opened finger and thumb release the valve, no more steam enters, and 
the rest is stivcd. When a heavy load is suddenly put upon th(* engine, 
the finger and thumb hold on longer, and let more steam enter. Tho 
nionuint tho load is lightened and tho engine can go easy, tlio finger 
and thumb let go quickly again, and so spare fuel. 

Wo must candidly say that this arrangement is fascinating and ele- 
gant.^ It wonhl he easy to do it clumsily and badly, for letting a v?ilvo 
go with a sudden jerk is neither good cngin(^ering nor sound economy ; 
but Mr. Corliss has two delicate little air-cushions placed immediattly 
under tho drops where the finger and thumb velmise their hold, and so 
tho whole of these motions, however quick and sharp, are gentle and 
soft. In regard to the general structure of the engine, it is slmost 
supcrlluous to say that forethought, judgment, and skill arc eqmilly 
ilisplayed in tho wisti disposition and g<x)d proportions of its parts. It 
is an engine from which any good hlnglish engineer may read oflF to 
himself an agiccahhj and interesting lesson. And, indeed, morc! 
engineers than one have already road that lesson, and in our own 
English department may ho seen two engines, wliich, if not copies or 
Jitoml imitations, are plainly its progeny, sprung from its seed. Hick, 
of Holton, and Whitworth, of Manchester, have plainly adopted the 
opinions to which w() have just ^iven oxi>ression, and they must long 
tJi'o now have, carefully studiiHl this engine, and bethought theniselvijs 
how to use or better the example ; and of those two, one at least is cer- 
tainly on the way to bettor the example. That tho firm of Messrs. Hick 
should have appreciated the merits and introduced tho improvements 
of such an engine into English use is highly creditable to their judg- 
ment, and is just what might he expected from a firm which is 
notorious for having very ©ai-ly introduced, and very energetically 
maintaiuod, tho Woolf system of double-cylinder engine in this 
country. The engine they have mtidc is a good and economical one*, 
and if they hiivo not adopted tho latest refinements of tho American 
engine, they have perhaps gone as tar as tho ordinary demand for 
refined engines would allow. 

The engine, however, in the English department which is most 
deserving our attention is one which steps far beyond any other steam- 
engine in the Exhibition in its character and purpose. Wo do not say 
that it has achieved all its aims ; but it has gone so far, and accom- 
plished so much, that we are bound to regard it as an engine of the 
highest promise : curiously, too, it is a hybrid or cross-breed of engine ; 
it is derived from Corliss’s; it is improved by two Americans, Allen 
and Porb‘.r, and it is constructed with the forethought, proportion, 
symmetr^% and truth of construction which have so long distinguished 
all that issues from tho establishment of Whitworth, of Manchester. 
The design of this engine, as far as can be gathered from its structure, 
is this : it is meant to he Corliss’s engine, but without Corliss’s valves 
and without the finger and thumb motion which distinguishes it, but it 
dispenses with these valves and these motions only by the substitution 
of something else, which is at once the same and diflerent. Its valves 
arc slide valves, one an ordinary slide and one a cut-ofif slide ; but tho 
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character of the slides is very peculiar, and the mode in wliich they are 
moved, although not Corliss’s linger and thumb motion, arc meant to 
obtain from the gentle movement of the ordinaiy eccentrio an action of 
the valves equivalent to that of Corliss’s by a gentle and slow, instead 
of a sudden and quick, movement. The diagrams of the engine show 
that the valves perfocjtly succeed in producing in the cylinder a high 
and economical devplopment of steam power. So far, however, wc 
can say little, except tliat they have constructed a Corliss engine, or its 
equivalent, in another manner. 

Having ovei-takoii Mr. Corliss in tlio application of the steam in his 
cylinder, the constructors of this engine now make a great stiide to go 
beyond him. They say, “Our valves are not only as good as Corliss’s, 
but they arc, withal, so smooth and gentle in their action, that tho.\' 
ar(^ ca2)able of working much more rapidly.” niey, have, (herefoiv 
<letermiiicd to use this smoothness of action for the development of a 
far higher amount of power out of an engine of given size than had 
heretofore been accom[)lished. Corliss’s engine, like other fixed stoaTii- 
engines, 2)erfonn8 admirably with a piston travtdling, say, 200 feet a 
minute, or ab(jut the usual traditional specjd of the steam-engine. The 
Alien-Porter- Whitworth engine leaves this behind with a long stride ; 
its piston styrts away at the unusual speed of 800 fei‘t per miinite, and, 
in doing so, quadruples the -wtjrk done by an ongintJ of given siz(i anil 
power. This is certainly an nnmrallelcd feat in the gymnastics of the 
steam-engine, and, if successfully accomplished, seems to promise an 
importjint revolution in machinery. 

It is not to be overlooked that wo are speaking of a condensing - 
engine, and, what is more surprising still, an engino whoso air-i)ump 
works with tho samo spood as its steam-piston. Thu eye se^trccly can 
see the plunger of tho air-p\imp clearly, from the rapidity with whicJi 
it travels in find out of tho condenser. The plunger looks more likt' 
the elongated shot of a Whitwoith cannon than the piston of jin air- 
pump ; in sliapo it is truly an elongated steel or iron shot, which 
strikes the water in the air-pump with such velocity that if the point 
of the plunger were not shapeiied into a 2>ai*abolic em ve its stroke on 
tho water would shatter tho condenser to liioces. As it is constructed, 
however, by means of ingenious hydraulic mechanism, tho rapid stroke 
of the air-pump is converted into so gentle a rise and fall of the wtiter 
that the valves work with scarcely a sound, and a gentle throb when 
your hand is laid on the condenser is all that tells you of the pulsation 
going on. within. The engine is a marvel of ingenuity and design. II 
is, however, neither unkind nor unjust to say that tho engine is still on 
its trial, thrit trial which alone tells us whether any mechanical engine 
is destined to live and advance our generation, or to lose its roputiitlon 
with its novelty, and die out. 



COAL MINES IN INDIA AND THE EAST. 

INTRODUCrriON. 

Coal is superior to every other description of fuel, 
and bears a most ‘mportant relation to the establish- 
ment of mills and factories in India, China, and other 
parts of Asia. The extent of its distribution in the 
East will be seen from some valuable papers given on 
that subject from the highest authorities. The East 
India Railway, in Bengal, which extends more than 
1 ,200 miles, passes near the mines of Burdwan, Ranee- 
gunge, and obtains its supply of coal at a cost of ten 
shillings per ton at the pit's mouth. 

In the Bombay Presidency the Great Indian Penin- 
sular Railway Company, with the sanction of Govern- 
ment, has made a contract with the Nerbudda Coal and 
Iron Company for a supply of coal at prices ranging 
from £1 4^. per ton, decreasing every year as the 
mines are developed, down to 18.?. per ton in January, 
1872. There is little doubt that with the progress of 
railways, roads, and canals, the coal, iron, and other 
mines will be worked extensively, and will be a source 
of profit to the people, as well as to the companies and 
to the Government. 

The most rudimentary form of coal is peat. There 
is also another kind of coal of a brown colour known as 
lignitOy showing a woody structure. But the variety of 
coal generally used in factories for steam purposes is 
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bituminous coal. Another variety is cmmel coal. When 
a single piece of this is ignited it continues to burn with 
a smoky flame ; hence the original name of “ candle 
coal/’ corrupted into cannel coal. It is particularly 
suitable for gas-making, and for this reason commands 
the highest price. 

The amount of power contained in coal is almost 
incredible. In burning a single pound of it, there is 
force developed equivalent to that of 11,422,000 lbs. 
weight falling one foot, and the actual useful force got 
from each pound of coal in a good steam-engine is that 
of 1,000,000 lbs. falling through a foot ; that is to say, 
there is spring enough in coal to raise a million times its 
own weight a foot high. In this mineral there is what all 
tlie world wants — ^power. Coal is the product of the 
decay of vegetable matter, of which fact evidence is to 
be found in the ditferent samples of coal to bo seen in 
the London Geological and other museums. Vegetable 
matter consists essentially of carbon about 50 per cent., 
water 47, and ash 3 per cent. Now, in proportion to 
the degree of decay will be the relative increase in the 
per-centage of carbon in coal, and the final stage is 
reached in the variety of coal termed anthracite^ which 
may contain upwards of 90 per cent, of carbon. 
Between unchanged vegetable matter and anthracite 
every gradation is observed. An excellent illustration 
of this kind of change is presented by a peat bog, 
where moss, which in Europe is the source of peat, 
may be seen growing at the top and gradually passing 
into peat underneath; and at the bottom decay may 
have so far advanced as to yield black peat free from all 
appearance of vegetable structure. What takes place 
in this transformation of moss into peat is precisely 
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similar in kind to what takes place in the conversion of 
vegetable matter into coal. The difference between the 
two cases is simply one of degree. Just in proportion 
as decay progresses in moss, will the proportion of 
carbon in the product relatively increase. 

COAL MINES IN INDIA. 

(From a Paper hy M. C. Brooks, Esq., Indian Department, London, 
in Record of the Great Exhibition, 1862.) 

The coal resources of India are fairly represented in 
the present exhibition. There is an excellent series of 
coals sent by Professor Oldham, Director of the Geo- 
logical Survey of India, which maybe accepted as types 
of the principal Indian coalfields. From the mines in 
the Singaran valley specimens are shown from Choki- 
danga, Toposi, Mangulpur, Ilarispur, and Babusol. 
The colliery at Chokidanga was established in 1834. 
The seam of coal is 15 J feet in thickness, and the 
average annual yield of the last three years has been 
360,000 maunds. At Toposi a seam of 22 feet is 
worked, and last year 300,000 maunds of coal were 
raised. Mangulpur is a long-established colliery, where 

seam of 15 J feet (including 9 inches of shale) is 
worked, and yields annually a million maunds of coal. 
Babusol and Madhubpur, or Harispur, are situated in 
the lower portian of the Singaran stream, and are the 
most eastern collieries of the field ; they unitedly 
yielded 524,000 maunds of coal during last year. 
The Central Banigunje coalfield is represented by 
specimens from Kanigunje, Bogonathchuk, Bhangaband, 
and Bansra. Mines were actually worked in the 
Banigunje field as long since as 1777. This field is 
an important one, not only for its extent, but its 
position. It lies at a distance of from 120 to 160 miles 
N.W. of Calcutta. The area as at present ascertained 
is about 500 square miles. The most extensive work- 
ings are Banigunje, near the Damuda river. The 
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entire seam is 13 feet in thickness, divided by a band 
of shale into two seams of 9 and 3 feet. From each of 
these specimens arc sent. The Ranigunje workings 
yielded 1,600,000 maunds in 1800-1. Rogonathchuk 
is on the banks of the Damuda, and is one of the oldest 
collieries in the field. The seam is 12^- feet in thick- 
ness. Bhangaband is in the same neighbourliood, and 
yields annually about a quarter of a million maunds. 
At Bansra the seam is about 7 feet thick. Of the 
mines in the Nunia valley there is a deficiency of 
samples. Those in the eastern division, thirteen col- 
lieries in all, are unrepresented ; those in the western are 
known only by a specimen from F uttipur, on the Grand 
Trunk road. The bed here is of ten feet thickness and 
excellent quality. From neighbouring mines speci- 
mens are shown from Hahinal in the west of the 
Ranigunje field, near the confluence of the Barakar and 
Damuda ; from Chinakuri on the Damuda, not far 
from Hahinal ; from Dumarkhunda to the west of the 
Barakar ; and from Kastae in the extreme north of the 
Ranigunje coal-field. The out-turn at the colliery of 
Chinakuri is not less than three and a quarter millions 
of maunds annually. At Kastna there is a seam of 
upwards of 30 feet in thickness, which is worked in 
open quarries. The specimen sent is from the lower 
11 feet of this seam. The produce of all these fields is 
not less than 320,000 tons per annum. 

The coal in the lower Damuda is frequently found 
intersected with basaltic trap, and in most oases the 
structure of the coal is entirely changed. The coal 
becomes prismatic or columnar, and this may be seen 
over large areas. The columns are often not more than 
half an inch in diameter, and so completely separated 
that it is difficult to procure a specimen which will 
show more than one single prism. 

The following table represents the relative value of 
the different coals of which specimens are shown from 
the coalfields of Bengal : — 
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Name. 

Thickness ol 
Seam in Feet. 

Coir 

Carbon. 

iposition of 

Volatile 

Matter. 

Coal. 

Ash. 

Kurhurbaloo . . . 

7 to 16 

66*70 

24-80 

8*45 

Futtchpur .... 

10 

63*80 

25*00 

11*20 

Dimiarkunda . . . 

10 

62*40 

22*60 

15*00 

Kastna 

30 

61*40 

28*00 

10*60 

Chokidanga .... 

15} 

56*80 

34*00 

9*20 

Chinakuri .... 

10} 

53*20 

35*50 

11*30 

Hattinal 

11 

52*60 

33*00 

14*40 

^laduhpore (Hariapur). 

17 

51*10 

35*40 

13*50 

Ranigiuijo .... 

9 

50*80 

36*00 

13*20 

Do 

3 

50*30 

36*30 

13*40 

Toposi 

22 

49*20 

35*40 

15*40 

Banara 

13 

47*00 

40*00 

13*00 

llogonathclmk . . . 

10} 

46*90 

35*00 

18*10 

BaLusol 

17 

46*00 

35*40 

18*60 

C Chilgo 

6 

45*50 

43*50 

11*00 

Oormoo 

7 and 3 

45*00 

44*60 

10*40 

Ptinchlyni .... 

7 

44*20 

34*10 

21*70 

Mangalpiir .... 

15} 

43*90 

38*40 

17*70 

Bankijora .... 

19 

43*50 

42.00 

14*50 

Banal'i 

12 

42*00 

44*20 

13*20 

Bharigaband . . . 

7 

40*30 

28*40 

31*30 

Bhorah 

17 

25*20 

37*20 

37*60 


Of the collieries in the Eajinahal hills, those in the 
neighbourhood of Brahmini Nuddi are represented by a 
specimen from Panchbynee, in the extreme south of tho 
hills; those near Banshi Nuddi by specimens from 
Oormoo, Chilgo, and Bankijora. These are often 
spoken of together as the Alubera collieries. At 
Oonnoo tho seam is 10 feet, at Chilgo 5 feet, and at 
Bankijora 19 feet in thickness. The &ld on the north 
and north-west of the hills is represented by a speci- 
men from Bhorah. There are also specimens from the 
Khurhurbari coalfield, and from Bareilly. The dis- 
tricts of Palamow, Khasia hill, Singrowli, and Scinde are 
unrepresented. Tho amount of coal raised in the 
Singrowli coalfield is small ; coal is known to exist in 
a westward direction from this bed towards Singhpoor, 
but no collieries are yet established. The Nerbudda 
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valley also contains coal, of which three specimens are 
sent from Mohpanee, in Nursingpore. The coal in this 
locality forms a strip or band of irregular width along 
the foot of the Puchmurree hills. There are three 
seams at Mohpanee of 10 feet, C feet, and 3 feet 6 
inches respectively. These mines have been leased to 
the Nerbudda Coal and Iron Company. The whole 
amount of coal raised in India during the year 1866 
was ten million of maunds, or about 370,000 tons. 

Coal Mims in Assam. — A. cursory examination of 
the coalfields of Assam has established the existence 
of coal mines both at Jaipore and Terap, the latter of 
which especially are said to promise an unlimited 
supply of very superior quality. 

It has been determined at once to throw open the 
coalfields of Assam to private enterprise, and to grant 
leases on certain conditions ; and the grant of a per- 
petual lease of five plots of land in the 8onthal per- 
gunnahs which contain coal has been authorised on the 
same terms. In the Central Provinces coal has been 
found in eleven diftcrent places in the Pench valley, 
with a thickness of good coal in the seam varying from 
1 ft. to 12J ft. ; the angle of dip is everywhere very 
small, from 3^ to 10®, and the quality and depth of 
most of the seams are supposed to be constant, at all 
events over considerable areas. 

COAL MINES IN CHINA. 

(From the Joimial of tJte Society of Arts.) 

Extensive mines of coal exist in the mountains to 
the north-west of Pekin. It costs about 16s. per ton 
at the pit’s mouth, and more than double this amount 
per ton is paid for transport to the coast ; but the 
mines are worked in the rudest way, and the little coal 
that finds its way from the western ranges to Tien-tsin 
is conveyed on mules or camels from the mountains to 
Tung-chow, on the Peiho, and thence down the river 
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in boats to this port. From the mines in the northern 
range there is water communication of an indifferent 
character to Tien-tsin, but the quality of this coal is 
much inferior to that which comes from the western 
mountains. Here, however, is a great source of wealth, 
only waiting the application of European skill and 
capital to enrich those who undertake its development. 
There are three descriptions of native coal to bo pur- 
chased in Hankow. One known in China as dry coal, 
is retailed at about 600 cash per picul ; that known as 
smoke coal is quoted at about 750 cash per picul ; and 
a third, which is called white coal, costs about 800 cash 
per picul. The dry coal is a sort of coke, and is ad- 
mirably adapted for all household purposes. The smoke 
and white coal arc well suited for and employed by 
steamers. Hankow is furnished with coal by the 
Hunan coalfields, the position of which can be deter- 
mined by a glance at any ordinary map. By following 
from its source the river (the Hsian g-Kiang), which, 
rising in the Hsiao Ling mountains, flows northwards 
until it reaches the Tung-Ting lake, the district city of 
Kyang will be found situated a short distance above 
the point where the north-east corner of Kiangsi cuts 
into Hunan. Here are the mines which supply the 
ycn-mei, or smoke coal. Proceeding north wo reach 
the great mart of Hsiang Tan, situated at the junction 
of two branch streams with the Hsiang-Kiang. The 
more westerly of these streams flows past a city marked 
on the map as the district city of Syang-Syang, and it 
is in this neighbourhood that the ku-mei, or dry coal, 
is produced. Further north two larger tributaries, 
also from the west, swell the volume of the main river; 
thirty miles above this embouchure they unite, and at 
the point of union is the district city of Fyang, close 
to which arc the hills which yield the pai niei, or white 
coal, a description of anthracite. On the Yang-tze 
Captain Blakiston saw no coal until he was forty miles 
beyond Ohang-Fu, that is to say, over 440 miles above 
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Hankow. According to the Chinese the coal produced 
in Sze-chuen and the western part of Hu Pei is in- 
ferior to that which comes from Hunan, a statement 
which would seem to be confirmed by the fact of Cap- 
tain Blakiston seeing at Sha Skit, about 190 miles above 
the outlet of the Tung- Ting lake, junks laden with 
Hunan coal bound upwards. Many are of opinion 
that coal should bo found much nearer to Hankow ; 
and during the past two years two foreign firms — one 
British and one American — have, with the greatest 
perseverance, been endeavouring to trace its existence 
ill the Chiiig-kow hills, ten miles above Hankow. The 
British firm has recently desisted, but the American 
firm still continues its researches. Jlaiiy of the hills 
between Kin-kiang and Hankow present every appear- 
ance of being rich in immense treasures, more especially 
that fine range which terminates eighty-five miles below 
Hankow, in the picturesque bluff* known as the Cock's 
Head. 


(From the Quarterly Review, 1866.) 

Pekin CoaL — Wc may state that having examined 
coal, including lignite, from nearly every part of the 
world, wc have seen no steam-coal superior to that from 
the neighbourhood of Pekin, where it is reported that 
a magnificent coalfield exists not less than 300 miles 
in extent. This report is founded on a personal com- 
munication from a geologist who has spent three years 
in the exploration of that coalfield. We have received 
several samples of Chinese coal, and we find them to 
diff'er much in quality. In 1862 they wore tried in 
some of Her Majesty's ships under the command of 
Admiral Sir James Hope, and the results obtained 
were precisely such as the composition of these coals, 
which has been accurately determined, would indicate. 
The day will arrive when the coal-mines of China will 
prove a source of wealth and power, and may possibly 
determine who shall exercise naval predominance in 
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the East. These mines, in order to their successful 
development, must be worked under the direction of 
colliery engineers of experience and skill, and will 
require the introduction of steam winding and pump- 
ing machinery. But the Chinese authorities dread all 
such foreign innovations, especially as they must for a 
considerable period be under the supervision of despised 
barbarians. Perhaps they may be disturbed a 
vision of what has befallen India. If, unhappily, w'e 
should again be involved in war with the Celestials, 
and again be victorious, it might be well to stipulate 
for a concession of a portion, at least, of this great 
coalfield. 

Much interest has been excited in the public mind 
concerning the recent discoveries of very large accumu- 
lations of petroleum in llangoon and in the United 
States. This substance is a combustible mineral oil, 
composed essentially of carbon and hydrogen, which 
may be employed either as fuel or for the purpose of 
illumination. Petroleum, or rock oil, has long been 
known to occur in various parts of the world. It is 
derived exclusively from vegetable or animal matter, 
and in many cases has certainly been produced from 
coal by a natural process of distillation. According to 
Professor Lesley, of the United States, one of the best 
authorities on the subject, rocks hold it in three ways — 
by being more or less gravelly or porous throughout ; 
by being cracked in cleavage planes throughout ; and 
by being traversed by large fissures, which are probably 
all of them mere enlargements of cracks along the 
cleavage planes. We have only to observe that qua fuel 
we may virtmlly regard it in the same light as coal. 
What is petroleum but the essence of coal, distilled 
from it by terrestrial heat ? 
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QUANTITY Of COALS EXPORTED FROM GREAT BRITAIN. 


To 


18(J5. 

18f)4. 

1863. 

1862. 


Torm. 

I'oris. 

Toih 

Tons, 

Toiih. 

India. . 

436,292 

312,283 

364,038 

357,997 

273,146 

FraiKUi . 

1,904,091 

1,580,707 

1,147,194 

1,306,255 

460,176 

1,443,115 

UiiBsia . 

1)75,154 

488,178 

472.844 

438,190 

Diiiiuiavk 

690,781 

545,333 

598,282 

560.864 

668,879 

PruHsia . 

476,529 

697,771 

356,722 

522,300 

535,336 

IImtiho 
'J’owiis ' 

611,315 

604,760 

57 ,590 

215,202 

254,314 

Spain. . 

527,181 

473,301 

546,029 

186,992 

667,872 

523,258 

Brazil . 

245,321 

222,985 

166,085 

138,543 



FACTORY BUILDINGS. 



INTRODUCTION. 

Sitwition , — ^Before erecting any buildings for factories 
or mills, great attention should be given to the question 
whether they should be in a town or at a distance ; and 
also to proximity to rail, river, or canal. Pure and 
abundant water will be required for all factory jjurposes, 
but more in bleaching, dyeing, calico-printing, and 
paper-making, than in other works. The situation 
should be also as near as possible to the land producing 
the raw materials, to the market for manufactured 
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goods, and to the supply of fuel. Labour which can be 
relied on at all seasons will also be necessary. Wher- 
ever these exist in combination, more or less, manufac- 
turing processes can be carried on with advantage. 

Size.'—T!\iQ advantages of manufacturing with im- 
proved machinery will only be derived by conducting 
it on a scale of sufficient magnitude. In that case, the 
division of labour is profitable, the raw material is 
economised, and the management and superintendence 
are confined within narrow limits. Up to a certain 
extent, the cost of production will be less in proportion 
to the magnitude of the works. This fact lias bt'cri 
kept in view in fixing the size of works for which plans 
and estimates are given. 

PJatis of manufacturing establishments will vary 
according to situation and other local circumstai^es. 
In a majority of cases, however, the plans of lac orios 
given in this work will be applicable, or could bo easily 
modified and altered to suit particular local ilics. The 
plans, though necessarily on a small scale, give a 
general idea of the works, denote the size of the build- 
ings, and show the disposition and arrangement of 
machinery. 

In almost all the plans given, the iimchiiiorj*^ is 
arranged on the ground-floor only. This is convenient 
for the reception of the several engines and machinei^, 
and has great advantages where the difiereiit proc(}ssei 
of manufacture are continuous from one department to 
another. 

In the Bombay cotton mills, as already explained in 
note on cotton mill plans, the necessary light for 
working the mill is derived from a series of glass 
windows, supported on the top of iron girders of roof, 
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the windows running right across the entire breadth of 
the mill from the rows of iron colums. The columns 
are placed generally about 20 feet apart one way, and 
10 feet the other way, and these support the framing 
and top wind(jws of the roof. For mills lighted on this 



prii0iplc from the top several thousand square feet of 
window glass arc required. Even for a cotton mill 
containing no more than 5,r500 throstle spindles, which 
occupy much less space than mule spindles, more than 
25,000 squai^c feet of glass will be required. In the 
plans given, however, a different principle has been 
adopted for lighting, based on actual experience. It is 
a great improvement, inasmuch as it dispenses with the 
series of upper windows, does away with the iron 
columns, and with the nuisance of having several 
gutters inside the mill. The principal feature is this : 
that instead of one block, the factory buildings are 
divided into three or four separate wings, connected 
with each other, and leaving an open space in the 
centre for storing coals, building reservoirs, and such 
other purposes. The breadth of the wings is so 
regulated that the iron roof for each may be of one 
span, resting on the two side walls, and having gutters 
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outside. In one or two exceptional cases the bread tli 
exceeds GO feet ; in fill other plans it is much less. In 
those exceptional cases, if the breadtli of the wings be 
considered too great for a single span, a roof of two 
spans may be adopted by having a row of columns 
running in the centre line. The wings in any case for 
all the plans given will be entirely lighted by a series 
of windows inserted in the walls, to some extent lessen- 
ing the cost in brickwork. No top windows, or even 



skylights, w ill be at all required. The windows being 
placed opposite each other with top ventilators, and 
the roof being of one span, the ventilation in the mill 
could not be better ; and the light that w ill be admitted 
from side windows would bo ample. 

Working planSy with the necessary details, arc given 
by the machinist in duplicate after receiving the order ; 
these, being forwarded by mail steamci’, and the build- 
ings commenced forthwith exactly in accordance with 
the plans, the factory will be nearly ready by the time 
the machinery arrives from England. The work of 
erecting the machinery and putting up the roof some- 
times goes on simultaneously. 
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Extensions . — The plans have been so designed that 
extensions to works in a great many cases could be 
made without disturbing the machinery that may be 
working, at any time it may be found profitable to do 
so. It is a waste of capital and resources to erect 
factory buildings, as is often done, nearly twice as 
largo as required in the first instance, and even to 
provide double the motive power, because future ex- 
tensions may be contemplated. This is a very unsatis- 
factory way of proceeding. 

The construction of factory buildings is, on the whole, 
as simple as building a dwelling-house, only it requires 
exactness in measurements. Generally speaking, the 
structure consists of four walls and certain partition- 
walls. The materials for building the factory will, to 
a g^eat extent, depend on the market price. The walls 
maj^ be either built of stone or of burnt bricks laid in 
mortar; the floor of stone or timber, with iron or 
timber roof. The thickness of a wall will depend on 
the height it is to be carried — the only condition re- 
quired being that it should be substantial. Owing to 
the want of suitable machinery for sawing timber, and 
making wooden doors and windows, the cost is so high 
that iron windows made in Birmingham have been sent 
over for some of the Bombay mills ; also iron framing 
for roof, and corrugated sheets of iron, galvanised, or of 
zinc. 

Iron roofs for factories will be preferable in a great 
many cases to those of timber. The material is much 
more durable, dry, free from vermin, and not liable to 
be eaten up by white ants ; nor is it so heavy-looking 
as timber. In one mill in Bombay, in a double- tile 
roof, to support the heavy weight, inch teak timber- 
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planks have been used, costing more than £5,000, 
which item was entirely saved in aiiotlier mill built 
close by, a few years later, by adopting the iron 



framing of roof and galvanised sheets without any 
boarding underneath. In one mill at Calcutta the iron 
roofs are double ; that is, the framework has an outer 
and inner covering of galvanised corrugated iron, with 
a space of 12 inches between them, as a protection from 
heat. The principals of 40 feet span are formed of 
lattice- work rafters 10 inches in depth, dispensing with 
the ordinary struts and ties. 

It is believed that, with a proper span of roof and 
good ventilation, there need not be any apprehension 
of inconvenience being felt even in the hot season in 
warm climates from iron roofs. In two mills in Ilom- 
bay, one with a double tile roof with inch-teak hoard- 
ing, and the other with only galvanised iron sheets 
mthaut any hoarding or felt, the temperature on a 
warm May day was the same in both cases ; both 
mills were built, lighted, and ventilated on the same 
principle. 
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The more fireproof a factory building is the better it 
will be. This could be ensured to a great extent by 
avoiding timber as far as practicable — having brick 
arches resting on iron girders, doors and windows made 
of iron, and other improved appliances. It would be a 
wise provision to lay out, in all the principal rooms, 
water-pipes, and, at certain points, flexible leather or 
rubber hose pipes, witli brass nozzles, in connection 
with the main town supply-pipe, to be used immediately 
in case of fire. In large works it would be wiser to 
have an independent steam fire-pump, so made as to 
be used for that purpose witliout any unnecessary 
delay. A steam fire-engine with double pumps, so 
made as to drive the machinery in a mechanic’s shop, 
also with portable boiler and fittings, will cost about 
£150 to £200. 

A mechanics' shop is required to be attached to every 
factory, for sundry repairs, fitted up with more or less 
tools, as already remarked in the section on iron work- 
shops. The best position for it in the factory buildings 
will be near the boiler-house ; it should be driven by a 
small independent portable engine whenever required, 
which may also be so adapted as to work a fire-pump 
in case of fire. 

1 oundafions for Steam-EngineSy which are required 
to be very firm and stable, may be best built of stone, 
but not if stone is very expensive. In that case a solid 
brick foundation will answer nearly as well. By some 
mistake, for two cotton mills stone for engine founda- 
tions was ordered from l^ngland, and the freight came 
to more than 100 per cent, on the cost. 

Firebricks and fireclay will be required to build round 
the boilers, to resist the great heat. In Madras, in the 
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School of Arts, firebricks are made, and have been 
used in the Government gun-carriage and other works 
there. Not so in Bombay, as for every mill firebricks 
and fireclay have been sent over from England. 

The Chimnoy in factories is built of ordinary bri(;ks. 
Iron chimneys will do well only for temjiorary, but not 
for permanent works, as a briede chimney is more 
economical in the end. It would be well to build the 
chimney 5 feet or more higher than actiuilly required, 
as the draught is regulated at pleasure by the dampers, 
otherwise it will cost a great deal more, if increased in 
height after the works were completed. 

The Design for a factory is not an unimportant 
matter. There has been, with hardly any exception, a 
total disregard of taste or design in mills built in 
India, at least in Bombay. Unfortunately a notion 
prevails that buildings with architectural beauty must 
cost a good deal ; but not so necessarily. It is quite 
possible, without any additional cost, or at very slight 
extra cost, to relieve the hideous monotony and ugliness 
of a large brick surface extending hundreds of feet, by 
the introduction of wings and slight projections in 
suitable places, and by building arches over doors and 
windows of different forms. A pleasing effect is also 
obtained by using with some taste bricks of different 
colours. Of course in no case should the interior 
arrangement of machinery be unnecessarily interfered 
with, merely for outward show of the building. In 
England some mills are magnificent structures; for 
instance, that at Saltaire — as will be seen from the illus- 
tration — built by one who, once a farmer, by industry, 
enterprise, and intelligence, rose to be amongst the 
foremost in the rank of manufacturers in England. In 
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house was built fi’om a design taken from an Indian 
mosque, of which a photograph and description had 
ap2)eared in 1866 in the volume on the architecture of 


K 



Ahmedabad, published at the expense of a native 
gentleman of llombay, wlio contributed £1,000 for 
this purpose. 

Enytish m’dls arc generally five, six, and even seven 
stories in height, cii account of the higli price of land 
in towns, focal taxes, and other causes; tiny are 
worked during the gi’eater i)art of the winter season, 
even during the day, by gas-light, as the days aie 
gloomy. In India this will not be necessary, on ac- 
count of the superabundance of light ; but when some 
particular mills are to be worked during night us well 
as day, a portable gas apparatus will be necessary, in 
which gas could be easily manufactured from coals or 
oils, or refuse fats. English millr, on account of the 
cold cUmatc, are heated by steam-pipes during a greater 
part of the year ; in India, and otlicr parts of Asia, it 
will only be required in a very few places, on those 
days when the fall of rain during the rainy season may 
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be very excessive, and only for some particular manu- 
factures. In Bombay, where the rain- fall is 90 inches 
during three months, on some days a few of the mills 
are heated, but not all, on account of the excessive 
moisture. In Madras, and other places where the 
amount of rain-fall is much less, no arrangement for 
heating mills will be required. 

Cottages for the workpeople will be a suitable adjunct 
to a factory — the more so where persons of various 
ages and both sexes will have to be employed, as in 
cotton, jute, and other large works. The cottages 
should be built within a very reasonable distance from 
the factories, and fitted with hot and cold baths, and 
other conveniences, and let at a nominal rental to the 
workpeople. The slight loss in the interest of capital 
in building the cottages, the cost of which, compared 
with the cost of factory buildings, would be insignifi- 
cant, will be more than amply repaid by the advantages 
gained. It would tell even on the financial prospects 
oi‘ ix-e undertaking. 
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Partteulors of Cont o f a Cofton Mill at Bombay^ rnrrring 28,160 Muare feet, 
of one story, Wfeet high, and lighted from the top. ' Given in rupees. 

Excavation for foundations, por 100 culiic feci , . ^ ij** ^**8 

Excavation for 2 wells, 20 feet deen, per ditto . .2 8 680 

Riibhlo work for foundations, per ditto . . . 16 0 6,220 

IJp])er riiLble work, per ditto 20 0 1*056 

Brickwork for walls, boiler, and engine-beds; chim- * 

ney, 15 feet high; per ditto 31 16,622 

Brickwork in chimney, height 80 fi'ct, per ditto . . 50 1*520 

Brickwork in arches in engine-house, &c., per ditto . 36 *708 

Eirehrick-work, laho ur only, at dilfercnt prices, i ditto 0 330 

Plastering the walls, in and out, per 100 superficial 

foot . . 6 8 3,58*1 

(With well-made hriclra plastering will not be rt‘(juir(*d.) 

Btonc pav(Jinent for flooring, per 100 square feet . . 35 0 8,351 

Stone for shafting, size from 4*5 x 4*4 x 1*3, at dif- 
ferent prices, [)er ditto 0 0 825 

Dhopaa and other stones for iron Filial'S, at differojit 

prices, per ditto 0 0 752 

Teak doors, 13, windows, 20, for walls, per ditto . .0 0 1,642 

(ITppiu- windows, 640, of iron, not included.) 

Teak boards und^'r iron sheets of roofs and brackets, 

I inch thick, ]ier ditto 30 0 10,830 

(This item has been saved in one mill by doing 
away entirely with boarding.) 

Miscellaneous timber-work, at various prices, per ditto 0 0 640 

Iron roof and windows, including columns, girders, 
framing, galvanised iron sheets, guttm’s, &c.. 610 
ii'on windows, glass for windows, including freight, 
insiiraiico, landing and carting, and charges for 

erection . . . 0 0 33,120 

Fii'ehricks and fireclay for hoilers, including freight, 

&c 0 0 1,424 


Total rupees 87,665 
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PRFCES OP IRON ROOFS, PER HUNDRED SQUARE FEET 
OF GROUND COVERED. 

Roofs of tlie onlmnry ridifo form, consistinj^ of principals and other 
framing, skylights, gutter and rain-water pipes. 


In spans not exceeding 30 feet . 

£ s. 

. 7 5 

d. 

0 

>1 

II 

40 „ . 

. 7 15 

0 

»» 

I» 

50 „ 

8 2 

6 

>1 

it 

65 „ . 

8 17 

6 

9t 

it 

80 „ . 

. 9 17 

6 


It 

100 „ . 

. 11 0 

U 


It 

125 „ . 

. 12 12 

6 

II 

It 

150 „ . 

. 14 10 

0 


Corrugated iron roofs, in the arched form, without any framework 
(8av<^ tit}-r kIs and sus’ieriaion rods for eouTit(irji''ting the tlirust ujK)n 
the walls), are useful for spans not exceeding 40 feet. 

Prirpfl. 

Painted. Q dvauised . 
£ H d. ii 8. d. 

For spans not oxeef^ling 20 feet, No. 20 gauge iron 2 15 0 0 10 0 

„ „ 38 „ „ 18 ' „ 3 5 0 4 2 6 

„ „ 40 „ „ 16 „ 4 2 6 5 0 0 


Circular ii’on staircases for factories will cost (diamett>r 5 to 8 foot) 
from 18.«. to 26s. per step 

Rough plate glass, cast. ft)r factory windows, roofing, skylights, &c.,will 
cost, -i! thick in plates, from 20 inches long up to 120 inches, from I*, to 
2s. Chequered polished plate glass for office windows, &c., will cost 
from I v. 6fi. to 2«. 6d. pc!r foot 

Firehri(;ks in England will cost per thousand, including square, 
arch, and chisel briclss, J64, delivered alongside a vessel. Fireclay, 26#. 
per ton. 

Scdf-coiling revolving shutters for windows and doors, made of wood 
laths, connected with bands of steel or iron, or made in one sheet entirely 
of ste '1, the price ranges from 2#, to 4#. per superficial foot, and for 
factory gates arul doors, &c., will answer better than heavy iron sliding- 
doors, being more secure and efficient. 

Copper-rope lightning conductors are made in any length in one 
piece, and, according to the diameter, will not cost more than from 
1#. to 2s. per foot. 



303 


NOTE ON FACTORY BUILDINGS. 

The cost of factory will ho easily rahnilatetl from the 

dimensions ^»ivon with each plan, in tho place udiere thfi factory may 
he proposed to he er(M*ted In Bombay the cost lias been e\'n’‘ssiv(!, 
as will he scon from the, fij'uros fi:iven, thoiij^h in sovi'ral place's it is 
believed it would he mnch Itiss. However, tliis is a point on which it 
would bo easy to an*ivo at a definite figurii in a satisfaiitory manm'r 
by those most iuter(\stcd in the siibjct't. Jf the walls are of brick, and 
the buildings of only one story, the thickm'ss of tlu' factory walls nciul 
not exceed 15 infjhos ; tho main wall, on which ^«*nerally, in textile 
works, rests tho main shaftinj^, should be 18 iriehes ; and the partition 
walls dividing one room from another may he 12 ini'hcs, or oven loss, 
in thickness. For a ehirnney, supposing it is 90 b'l't hi'^h, the thickness 
of the hrick-work will he 18 iuchc's at tho hase and gradually diminish- 
ing to 9 at tlui to]j. 

The gauge of the galvanised sheet iron for roofs commonly used is 
No. 20 ; hut this is goverm*d to some extent hy the s laeiiig of tho 
purlins, or longitudinal s\i])portH. Where lh('S(5 can he eonvtniienlly 
spaced at intervals ol'ahout 0 to 6.J fi'ct, the No. 20 gauge is siitUeient ; 
hut in the wider roofs it is often moi\* convenient to employ strtjiige.r 
pm’liiiH at loiigijr intervals, and in such <'ast?s No. 18 gauge is ado])t<‘(l. 
On tho other haiid, wliertj the sjwing is much rc'diiced, No. 22 gauge 
will servo. 

Zinc, sheets, corrugated, and of Italian path'm (which is strong), 
have been used in Imiia over iron frainiug for roofs. No hoarding is 
necessary, hut the Italian zinc is laid on rolls of wood, which fit under 
»mch flute of the (ioirugation. If fell is to bo usc.l to i^xelmh' the heat, 
it can bo nailed down to the hoards. Zinc perhaps has this advanhige 
over corrugated galvanised iron sheets, that as oM metal it will bo 
always worth in India and tho East, where it is used for making brass, 
nearly as much as it will cost in England. But it will Cf)st more than 
coiTUgatod galvanised shocjts in tluj first instance. An iron roof, if not 
well ])iit up, will bo a sourctj of great annoyanf'e. Leak holes will bo 
caused by rigidly nailing or screwing down each sheet of roofing in 
lieu of riveting tho intermediate shotjts, and fastening lh<j ridge and 
oavo ends. In one mill with half-iiu'h teak planking, and fVdt nnilor- 
noath the sheets, on account of the shoots being screwed together, 
water came in in quantities ; while in another, where the roof was 
well put up, and tho sheets well riveted, without any planking or 
felt being used, not a drop of water leaked into the mill. 

The size of the reservoirs for cooling the hot water from condensing 
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or coiniwund cngineB will have to be regulated according to the ]X)si- 
tion of llic ground ; hut the larger the surface exposed, and protected 
from the rays of the sun by planting large trees, the better it will be. 
The di'ith need not exceed 3 feet. In all plans given there is ample 
loom for erecting large reserv<»irs in the yard, and thus the open space 
loft will he economised for that purpose. If another reservoir is placed 
in front of the factt'iy buildings with a fountain playing in the centre 
it will answei a double purpose. AVTiere space is limited, large iron 
tanks for cooling the water are placed over the boiler house and other 
parts f)f the factory. In one mill there being two wells about 20 feet 
deep, one was made to answ'c'r fc^r drawing the water for condciising 
steam, and the otlicr for pouring in ihe hot ivater; the wells wore 
thus used aTcmatoly. Hut the deplh being the same, and the wells 
near each other, hot water ire in oiu* eeinmunieated with the other, and 
also with other wells surrounding the mill propcity ; as there was no 
cool water for condensing steam, there was great difficulty in work- 
ing the engines; sometimes entire stoppage of the works was the 
result. 
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FORM OP TNOENTUIIK. 

This Tudciituro made hotwoen of 

of Iho one part, and inhabitant, of the other jiurt. Whereas 

the said bedng absolutely possossed of, or well and suffi- 

ciently entitled to, an estate of inhciitance in peu-petnity of and in the 

piece or parcel of land called and premises hi'reinnfter 

particularly described, hath contracted and ap^recd tt), and with the 

.said to j^rant to him a h'aso of the same for the tenn of 

ninetv-nine years finm the first day of 18 . reno^^'ablo for 

over, "under and subject to the rents, provisions, conditions, and apreo- 
ments here *in after 'rc'sc'rvod an<l contjiined. Now this indenture 
witn(‘8seth that in pursuance of the sjiid ajjrrecment, and for and in 
consid('iation of the rents, covenants, provisions, and agreements here- 

inaflor rcs(‘rved and (jontained, and on the part of the^ said 

his executors, administrators, and assigns, to bo paid, observi'd, and 

performed by the said doth, by tlu^se prt'sents, demise 

and lease, unto the said his executors, administrators, 

and assigns, all thjit piece or parcel of land, situate at , and 

entered into the books of tho collector of land revenue under No 

and containing square yanls, bo the same morts or less, and 

bounded on tho north by tho i>roperty of ; and which said 

piece or parcel of land, or part, is more particularly delineated or 
deserib('d on tho plan tlu‘roof drawn on the margin ()f thc^so presents ; 
together with all trees of every description gi-owing and standing 
thereon, and all and singukir the houses, out-houses, ways, jiaths, pas- 
sages, water-courses, wells, drains, easements, luiyilnges, profits, com- 
modities, and appurtenances whatsoever to the said pie(;e of land and 
premises, or any part or parts thereof helotiging or in anywiw; apper- 
taining thereto. To have and to hold the same piece of land and 
hert'ditaments, and all and singular other tho premises herc-by demised 
and leased, or intended so to be, with their appurteiiaiic(‘S, unto tho 

aaid his exccutoi's, administrators, and assigns, from the 

said ‘first’ day of for the tenn of niiiety-nine wiars 

tlionce next ensuing and fully to be ended and completed, yielding 

and paying thereon unto the said his heii*8, executors, 

administrators, or assigns, theyesirly rent of •••••• • equal 

payments of .commencing fi-om the first day ot 

18 . . , free from all deductions whatever during the said penod ot iimcly- 

X 



306 LEASE OF GROUND FOR BUILDING FACTORIES. 


nine years. And the said doih herohy for himself, his 

heirs, executors, administiutors, and assip^s, covenant and ngivc with 


the sai<i ^ his Iieira, oxocntors, administrators, or Jissi^ns, 

that ho, the said liis executors, administrators, or assip^ns, 


shall and will, dniinpr the conliniianee of the said term luTohy pjtnited, 
]iay, or cause to ho paid unto the said his heirs, execu- 

tors, administratoi-s, or assigns, the yearly rent hereby reserved, at the 
times, and in the manner, hcreinhefore appointed, for the payment 
thereof respectively, free and clear of all deductions whatsoever ; and 

he, the said his heirs, cxecutora, administrators, or 

assigns, shall and w’ill pay and discharge, or cause to he paid and 
discharged, all tiixes, rates, assessments, and impositions whatsoc'ver 
(except as hereinafter mentioned), now or hereafter during the con- 
tinuance of the demise, to he taxed, raW, assessed, and chargt'd, or 
iinprov(‘d upon, any nuissuagos, buildings, or trci's, which maji^ now or 

hereafter he ('rc'ctod upon the said pp-oimd by the said , 

his executors, administrators, or assigns. Provided always, and these 
presents arc upon this express condition, and it is hereby agreed 
between the respective parties hereto, that if the rent hei-ehy "rescrv(‘(l, 
or any of them, or any part thereof, shall ho in anaDars, or nn])aid, 
eith(T in wdiolo or in ])art, for the Sjiace of throe months next after 
any of th(‘ same shall become payable, then and so often as it shall 
he lawful for^ the said his heirs, executors, adminis- 

trators, or assigns, to enter npon and distniin for the same, and for the 
costs and charges occasioned by the non-payment thereof, u])on all or 
any part of the said hensditaments and promises, and to disi)os(j of the 
dish'css and distrcssc's then and there found, according to law', to the 
int(5nt that thereby the said (piartcrly payments, and every part thereof, 
BO in anvars a.nd unpaid, and all costs and" charges ooeasioned by rt'ason of 
tJio non-payment thereof, shall he fully paid and satisfied, and further 

that he, the said his executors, administrators, and 

assigns, shall W'ell and truly pay, or cause to he paid, to the said 

Ids heirs, executors, administrators, or assigns, the said 

yearly rent of on the djiys and at the times hereinbefore 

reserved for payment thereof, without any deductions or abatements 

w'hatsoovor ; and the said for himself, his heiivs, executors, 

administratoi*s, and assigns, do hereby covenant and agi-t'e with the 

said his executors, administrators, and assigns, that the 

said his executors, administrators, or assigns, paying the 

said rent of in mamier aforesaid, and observing and j)cr- 

foiming all and singular the covenants, ]>roviHion8, and agreements, 
on his and their part to be paid, observed, and performed, as afore- 
said, shall and may peaceably and quietly have, hold, and occ'upy, 
possess, and e>njoy the said piece or parcel of land, tenements, h(>re- 
ditaments, and promises, and all the trees, with their appurtenances, for 
and during the said term hereby granted, without any lt*t, suit, trouble, 

molestation, intemiption, or disturbance of it by the said 

his heirs, executors, administrators, or assigns, or any other person 
or persons whomsoever, claiming or to claim by, from, or under him, 
them, or any or either of them, or any of his anc(Jstors, and that he, 
the said his heirs, executors, administrators, or ussigpis, or any 
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other poraon or persons whomsoever, claiming or to claim hy, all taxes, 
ussessinciits, and iinjjosilions upon or in respfxjt of the said yearly n*nt, 
now or iKTcafter during the continuance of the dojuise liorehy inade to 
he taxed, rated, assc'ssed, charged or imposed uix)[i the ground hereby 
ch-inised, or any pai-l then*of, and that notwithstiinding any grant, act, 

deed, matter, or thijig wliatsoover, hy him the said , or 

any of his ancestors, made, done, omitted, committal, or executed, or 

knowingly or wdllingly suflerod to the contrary, the said 

now hath in hirnselJ’ g(Kxl right, full power, and Ifiwful and ahsoluto 
authority hy tlu'se la'osunts to demi8(‘, and grant, or Bfjcure of the sjiid 
piece of laud ;ind premises hereby iiitoiided to bo devisL-d, and every 
pait of the same, ^^ith thti apinirtcminces, according to the true 
intent and meannig of these pr(‘»souts, and that free and clear, and 
fro(‘ly and cleai-ly acquitted and dischaiged, or otluu-wiso well and 
sufficiently saved and kept hamileas and indenmiliod hy the said 

his heii-s, exccutoi-s, administrators, of, from, and against 

all foimer and other gifts, gi-ants, d(‘mi8cs, assignments, leases, 
mortgages, charges, and encnnibrances whatsoever had, made, done, 

committed, sutfered, or cxocuied hy the said or any of 

his ancestors, or'any person or persons lawfully claiming hy, through, 
under, or in trust for him, them, or any of them. And further, that he, 

the said his heirs, executors, administiJitors, or aasigns, 

shall and will, tit the cxpirtition of tlio term liorohy giantcd, at the 

rcijuest, costs, tind charges of the said his exociitoi's, 

tuJininistialoj’s, or trssigns, tind on payment of tho sum of hy 

way of fine or ])rcTnium for such renewal, forthwith duly make and 

execute unto him, the stiid his executors, tul ministratonj, 

or assigns, a new and further leawi of all and singultir the preitiisos 
hcreirihi’fore demised, at and under the stimo yearly rent, and with 
and subject to the same Conditions, covenants, provisions, and tigreo- 
nients, ineludii-g ibis ju-eseni covenant, sis in these presents engrossed 

and cuntiiiiied. And further, thsit he, the stiid his heirs, 

executors, administrators, and assigns, and c^very person whomsoever 
liiwfully claiming any legal or cqiiitahle estate, right, title, term of 
years, or interest wliatsoover into or out of the stiid promis«?s, hy, from, 
through, under, or in trust for him or them, or any of his ancestors 
(other Ihtin in rcspi'ct of the stiid rents hereby reserved, tind all the 
powers and remedies heveinhcforc provided for securing and reserving 
the same), shall and will, from time to time, and at all times hereafter, 
on the reasonable request, and at tlic costs and chtirges in till things of 

the said his executors, adminislratoi’s, or assigns, make, 

do, execute, or cause and procui’o* to he made, done, and executed, 
even’’ such further and other granted deed or assujunce in tho law 
whjitsoever for more effectually demising and assuring the stiid piece of 
land and jircmises unto the said his exi'ciitors, administra- 

tors, and assigns, accoitling to the true intent ami meaning of these 
prchcuts, under and subject to the rents and covenants aforesaid, as hy 

the said his executors, administrators, or assigns, or 

their counsel in law, shall he reasrmably advised and acquired. And, 
lastly, he, the stiid for himself, his heirs, executors, ad- 

ministrators, and assigns, doth hereby covenant and agree with the 
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said fhia executors, administrators, and assigns, that he, the said 

his heirs, executors, administrators or assipn^s, will and shall, 

from time to time, and at all times hereafter durinjj the continuance of' 
any demise (unless prevented by fire or other inevitable accident), upon 
every reasonable request, and at the proper costs and charges of the 

said his executors, administrators, or assigns, produce 

and show in to the said his executors, 

administrators, or assigns, or to his or their counsel, solicitor, or agent, 
a bill of sale from the dated for the transpor- 

tation, support, and defence of the possession, estate, right, title or in- 
terest of the said his executors, administrators, and 

assigns, of him to, or respecting the said land and premises hereby 
demised and leased, or uny part thereof ; and also that he, the said 

his heirs, executors, administrators, or assigns, shall 

and will, upon tlie like request, and at the cost and charges of the said 

his heirs, executors, administrators, or assigns, make 

and deliver imto the said his heirs, executors, adminis- 

trators, or assigns, or to his or their counsel or solicitor, true and 
attested copy or copies of and extract or extracts from the said bill of 
sale. 

In witness whereof, the said jjariics to those presents have hereunto 
sot their haiids and seals, the day and year above written. 

Signed, scaled, and delivered, by the within named in 

the presence of us. 
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The pstinmtes and prices given in this work, it need scarcely be 
.said, must be considorfd as approximate. Tlie pn'cfw of machinery 
will vary more or less according to the priw) of nictnls, wages, &e. 
Wages thronghoiit all parts of hhigland arc rising stoiulily ev('i*y year, 
and strikes for higher '\vfig<?s arc common enough. Kveii in the 'siime 
place, for prc'cisoly the same machines, the estimates (and exclusively 
from tii-st-c'lass makers) will vary from 10 to 1«5 ])er cent, or more. 
One maker may have orders on hand to last for sonic montlis ; another 
may be a little “slack;” or, if tho machinery be fi»r a new' market, 
one who has more foresight, in order to ohtfiin a hold in that market 
for his machinery, will not much care what poreentage he makes. 
hVom tliis and other causcis prices of machinery will vary ovim at the 
same pLiwi and same time. 

CJheap nia<‘hinery wdll prove the dcan\st in the end ; and it will be 
hilse economy to send orders to England to jmrehaso such. It is not 
only necessary that machinery for India and tho Ijast should he made 
iu a filst-clasa style, of tho best w'orkmansbip, materials, and finish, 
Inii that it should contain the latest improvements, or the iniprovi*- 
numts hy w’hich a greater quantity could he produced, or sjiving 
ofloctcd in the cost of production, '^This is of much impoi'timce, as the 
cost of tho machiiw' itself* is a matter of secondary consideration, tlie 
progress of improvements in machinery being continuous. A new’ 
projirictor can avail himself to tho fulh'st extent of noiv improved 
machinery, and heat tho old ; whereas the old, even if he has the sonwj 
and desire, is not alw'uys in a iiosition to avail himself to that extemt. 
AVith tho anl of improved machinery, ohtiiincd jirincijially from 
England, and cljeapijr labour, without coals or even the raw' materials, 
th (5 Continoiihils, in some manufactures, coiniietc with the English in 
several markets very successfully. 

Tho cost of jiackiiig machinery, as a mlo, amounts to 10 per cent. ; 
sometimes an additional charge is made for d<jlive,ijng it alongside th(* 
HliiiK Endght and insurance on machinery will funount to about 
15 per cent., more or less, according to the class of machinery. 

Erection of machinery is not at Jill a diflicult task in a place where 
skilled labour is to be had, as each part of a machine, hiifore h(;ing 
packed and shipped from England, is marked and numbered, so that it 
fits in exactly and truly when erected in tho factory. When the 
machine is complicated, drawings and full directions are sent. Tin* 
most imiK)rtant point in the erection of machinery is accurate level 
and exact mi'asiu-eraents. For large textile factories, if imdo is pro- 
^dablo, it would pay to get mccluinica from England, and send them 
back to England after their work is completed. This is done oven in 
Russia and other parts of Europe. At all events, for the present, for 
carrying on almost all the industrial manufacturing entcrxinsos in 
India and the East, English managers or superintendents, or by what- 
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ever name they may bo called, will bo required, till a class of native 
mcchanicul ciigiiu'ers, trained up for the spei'ial work, s])riiigs up. 
The agreement with th(i European managers who are engaged in 
England is generally for a period of three years. It is clear that 
upon the right choice of a manager will depend in a great measure the 
success of the enterprise. The machinery may be the best, with all 
the latest irnprovonients ; but if the manager is an “incapable,” or 
inditferent, or caredess, the entcrpiise will prove a failure commer- 
cially. It is therefore absolutely necessary^ that the interests of a 
manager ouglit to be combined with that of the proprietors ; and that, 
beyond receiving a fixed salary, the manager should receive a certain 
bonus out of the profits, or in i)roiH)i*tion to the specific amount of work 
turned ofl:' beyond the stipulated quantity. Sometimes Eiiro])ean 
managers, after arrival in the East, seeing that so much of tin.* suc- 
cess of the entorpris(3 depends on them, do things which they can 
never dare to do in England, and forgot their duties. In such untbr- 
tuiiatc cases, in order just to chtsck th(;m in time, and to remind them 
of their duties, all the necessfiry clauses should he inseiled in thiur 
agreenumts ; hut the less the clw'ck applied, and the more Iluiy are 
treated with kindness, the bettor for themselves and their omployt'is. 
A fonn of agreement has been given which requires merely the blanks 
to be filled up according to circiimsiancos. 

Native Mechanical Nfigineera . — Natives who have been sent to 
England, and ti'ainod as niechanieal engineers, have done good si'rvicc 
in introducing improved machinery, chiefly in W(^stcrjj Jiulia, and 
have received very handsome sahuies. One was placed in a high posi- 
tion as suponntoudent of machinciy in the Government dockyard, 
having under him sov(*ral Europeans in the boiler, smithy, and other 
depaitmonts of machinery. Kut such examples have hooii very rare. 
In llomhay jiomo of the cotton mills are entir(dy under the inaiiago 
mont of native engineers. But every native, before being placed in 
such a position, ought to rcxjeive a good English ciducatioii, and a 
regular training in practice as well as tlieory, so that he may render 
oiHcJent service. 

Classes in the Indian Government colleges for civil engineering 
have been formed on the European model ; and a native genth'man 
lately gave a large donation of money for a civil engineering college. 
But India wants mechanical engineers as well as civil, to assist in 
developing tho resources of the country, hitheito so Ticglucted ; and it 
behoves Goveniment to afford ©very facility to Indian youths for 
receiving the education necessary for a mechanical engineer. Ijfitoly 
a company was started in Bombay for advancing money at a very 
moderate interest to those mitives who were desirous, and who were 
qualified, tP proceed to England to receive their education as civil or 
mechanical engineers, and for other professions ; but tho company has 
collax)scd, and nothing whatever has been done. The Government 
owes a duty to India in training her sons, wlio will ho instrumental in 
acting as pioneers of civilisation, and adding to tho wealth and pros- 
perity of the country. 
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Arttci^es of Agreement, inado this day of , Quo 

Thou.saiid llundrod uiwl Sixty-. . . .,hotwccn 

residing at of tlic one pait, aud 

Eugiia rr and ]M(;chanic, of the other part, 

Witncshotli, tliat for the oxmsiderations on the paii rospoctivoly oi' 
the said ,and tho said hereinafter 'ex- 
pressed, it is heixihy aj^reed bc'tween tho said aud the 

said as follows, tluit is to say : — 

1. That the said shall enter and he en{?af?ed in th(‘ 

sendee of the said his executors or administrators, or 

any of his or their tuture paitnor or partners, suceessors or assij^ns, at 

certain works or mills of the said ahoiit to ho erected 

at for the team of years, to coinnicnce and he 

oomimted and tmininahle us heimnafti'r contained. 

2. 'I'hat in the discharge of his duties he shall, with all due enrt‘, 
atti'ntion, and diligcaice, conduct and compl(‘to in ])rop(T and perfect 
order, the erection and fitting-up and kor*ping in the most ])<;rfect 
working order and condition, all engines and valves, and all niachinf'ry, 
geanng, and shafting, as may be retjuired of him, and all other 
inachintTy thin may he requisite nml necessary, to put the same into 
full and peidect work, and so to place and unange all valves of engine.s 
that sueli engines may work steady and perfect, and so to set all valves 
connected with the several boilers that tho steam will blow oif at a 


given pressure}, and so to fix such wheel gearing and shafting that thi* 
same will run (>venly inid work with perfect trutli. and as is rerpiisite 
and usual in all perfe'ct machinery uwid in such faetoritjs, and that he 
will put the same into full work and take charge of and keep the same 
in perfect working order and condition, and so that they Avill not, nor 
will any of them, in any manner, spoil or injure any of tho work oi- 
uianufa(;iurc. 

3. That he, the said ,xvill remam in the service of the said 

his or thtjir executoi-s, ailmiuistrators, or assigns, or 

other the person or persons for tho time being the partner or jiai tnors 

at any time herc'after in tho said works of for the porigd^ ... 

j’cars I'roni the date hereof. 

4. T^at he wall devote himself exclusively to the servic'o of tho said 

or other the persons hereinbefore contemplated, in all 

tho usual and regular hours of business, siclniess or othiT nnavoitlahle 
accidents excepted, and will not absent himself from such service with- 
out Ms or their leave or permission in writing first obtained, and will 
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obey all his and their commands and directions, and also all commands 

and directions of for the time bein^ of such works, and 

to the best of his abilities will faithfully, honestly, and diligently 
execute such work as he or they shall desire him to do, and will al^ 
to the best of his abilities teach and instruct all the hands and appren- 
tices employed in and about the said works in the art, mystery, and 

management and direction of all or any of the sjiid engines, 

valves, boilers, and other the said machinery as may be required of 
him, and will also devote the whole of his time, attention, and abilities 
to the affairs and concerns of his said employers, and will do every 
act, matter, and thing required of him in reference to the conccu-ns of 
the said business, and will also attend to every branch or department of 
such works as aforesaid, or which shall or may, from time to time, and 
at any time during the said period of service, bo reasonably reejuired of 
him, and will, in the performance of all such duties as aforesaid, use 
his best endeavours to promote the interest of his employtirs by due 
care and diligence, and will be faithful and just in all his dealings and 
transactions, and submit to all such rules and regulations in reference 
to business hr)urs of attendance, leave of absonen, and otherwise, as 
shall be in force and may from time to time be inquired to be obsei-vcd, 
and ahiill in all things attend to atul abide by the directions and ordcirs 
of his said employer or omployora or their chief manager for the tirm* 
being, and will not himself, during the said tenn, nor permit others, to 
wilfully spoil, waste, embezzle, or destroy any tools, imphanonts, 
inaehiiK^ry, or things committed to his charge or caro or otherwise. 

6. That if, during the continuance of the said tenn, through any 

stoppage of the w’orks of the said or if through any 

casualty whatever (not occasioned by or through the neglect or default 

of the said ) occurring, hy mt^ans whereof the said .... 

shall not ho called upon to athmd to the said concerns and 

business, the wages jMiyable as hereinafter mentioned to the said 

shall continue to be paid notwithstanding, provided that if 

such stoppage or casualty bo o(;casioned by such lU'gleet or default 
then and duiirig such time as the said works shall be stopped, the 
wages of the said shall ceas(3. 

6. That in the event of any such stoppage or casualty, from any 

cause whatsoever, and of the said being unoccupied, an 

account of the time so not employed shall bo kept, and the 'said 
or other the employer or employers, shall at any time there- 
after he at liberty to reqmre the servicos of the said for 

an equivalent period of time, but only at such reasonable hours beyond 
or over the usual hoiu's of duty as ho or they may appoint, and so that 
such lost or unoccupied time may bo fully made up during extra hours; 
and it is expressly agreed that in respect of such extra time no allow- 
ance in the shape of extra wages to the said shall be 

made. 

7. That he, the said will not, during the said term 

of three years, engage, nnlees with the consent in writing of the said 

or other the said person or persons for the time being 

constituting the principals in the said works, in any trade, business, or 
employment other than as aforesaid, nor will serve any other person or 
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persons for hire or reward in any capacity whatsoever or otherwise, 
nor attempt to impede his employers in their husiness, nor divulge any 
of their secrets or connections to any persons whomsoever, and will not 
do or engage^ in any act which may unfit or dis(pialify liim from the 
regular and vigorous discharge of his duties, or which imiy be reason- 
ably expected to induce or bring about any such infirmities or dis(]uali- 
fication ; and that if he, the said , shall, witliout lawful 


excuse or cause, quit the service of the said or of the 

person or persons intercisted in and managing the said concern during 
the continuance of those presents, such lawful excuse or cause to be 

certified in wiiting under his or their hands, the said 

will pay or cause to bo paid to the said his executors, 


or administrators, or other the person or persons aforesaid, tlio sum of 

• sterling, and not byway of penalty, but as ascoiliiined 

liqiiidated damages. 

8. That in case the said shall bo found to indulge in 

intemperate habits while in tlie performance of his duties, or in case of 
wilful nogligeiico or inattention to directions, irrcsgularitics in attend- 
ance at the usual and customary hours of work, absence without leave, 
except ns aforesaid, embezzlement, or not performing his duties effi- 
ciently or to the satisfaction of lus said employer or employers for the 
time being, then the said his executors or administra- 

tors, or other the said person or persons, sliall bo at liberty to deduct 

fi^oin the wages of the said such part thereof as may be 

equivalent to any loss he or they may sustiiin, and to dischargcj the 

said on giving him ono calendar month’s notice to that 

effect, or on payment of one ctiloiidar month’s wages, to discharge him 
imm<;diat<dy, and thcTeupon this agreement and all the clauses, matter 
ami things herein contained, shall cease and dotenui no, (except so far as 
the reco\'cring fix)m the said the said dfimagcs as afore- 

said. 

9. That he, the said will, during the continuance of 

these pi esonts, find and provide himself with and pay all charges he 
may incur for hoard and otherwise. 

10. And the said on his part, agrees with the said 

that in consideration of the said services of the said 

and of the agreement on his ptirt heicinhoforo con- 
tained, he, the said his executors or administrators, or 

other the person or persons for the time being interested in the said 

works, will, for the said period of years, determinable novertho- 

losB as herein contained, pay or cause to be paid to the said 

the wag( 5 S hereinafter declared, that is to Siiy, during the first four 

calendar months thereof a salary of pounds sterling, or 

rupees per calendar month, and at the expiration of tlie said 

foim months such salary shall be advanced and raised, and shaU be^ at 

the rate of pounds sterling, or rupees it being 

nevertheless declared that such last-named advance shall not be 

limited to the payment of the said pounds sterling, or rupees 

per calendar month, but immediately and so long as all the 

maeWnory in said works be running and kept in full and perfect 
work, then the said last-named advance shall be at once further 
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increased, and such salary shall be pounds sterling, or rupees 

per calendar month, until the end of tho said term of throe 

years, determinable novorthele&s as herein declared ; and it is also 
declared tliat if at any time during tho continuance of those presents 
the said machinery, by being worked sixty hours during any week or 
weeks, shall prod\ice juid turn oif any extra quantity of the best or 

first-rate (luality over aud above then and in sucli evemt, and 

while Hiicli extra quantity over and above the sjiid shall be 

turaed oft’, the said shall be paid further wages over and 

above and in excess of the said last-mentioned increase at the rate of 

for ov<Ty so produced or turned off over and al)ov(5 

the sjiid ; it being distinctly uiider8tt)od and agreed that the 

additional is only to be paid to the said in the 

event of his producing the oxtra quantity of within the sixty 

working houiy named. And it is further declared, tho said wages 

of tho said shall be paid monthly, tho lirst sum of monry 

to be paid at the expiration of one calendar month from tho date 
hereof. 

11. That the said .......... will, at his own costs and charges, 

convey the said as a second-class passenger by tho over- 
land route from England to riti Southampton ; and should 

the said faithfully observe and perform all the conditions 

and stiimlations herein conttiinod until tho expiiatioii of the said toini 

of years as aforesaid, or should thostj presents bo put an end to in 

wilting by mutufil consent, and no stiiiulaiiou in such writing made to 
tho coiiiraiy, then the stiid his executors or administra- 

tors, will at liis or their own costs and charges, and without any expense 

to the said find and provide him with a second-class 

passage back again to England. Provided, nevei'theloss, and it is 
hereby mutually agreed between tho stiid parties to these presents, that 

in case the said shall remain in on his own 

account after the expiration of the said term of years as aforesaid, 

or after those presents shall bo put an end to as eontemplated in this 

clause, and does not leave within one calendar month 

fi*om either of the said periods, then the said shiill not bo 

entitled to any money or assistance whatever on account of his travel- 
ling expenses 'homo. ^ 

12. And it is hereby mutually agreed and declared between tlie said 
parties to these presents, that if it he certified by two compottuit medical 

men, one to bo appointed by the said and the other by 

the said that tho climate of will prove fatal 

to the health of then the said , by giving 

.... calendar months’ notice in writing to thp said his 

executors .or administratoi s, of his intention so to do, shall be at liberty 

to quit the service of tho said provide*d at the expiiution 

of tho said term of ... . months he forthwith proceeds to England at his 
o^n expense aud charges. 

13. That in case the works, machinery, or any part thereof, ho 
wholly or partially destroyed by fire or otherwise, or if while landing, 

or alto the aiTival and erection of the machinery in 

aforesaid, the same shall become injured, it shall be lawful for, but not 
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compulsory upon, tho wiid his executors or administru- 

tora, at any time, to declare in writing to the siiiil Oiat 

this agrcoincut is void and determined, and thereupon these presents 
shall cease and detonuino, except so far as conteiii] dated in claiis<}s 
7 and 15 of tlu^se presents, and for tho purpose of enabling tho siiid 
; l^is exexjutors, administrators, or assigns, from recover- 

ing tho damages therein ascei'tained. 

If* -that if, in the event of tho said his oxocutors or 

administrab)is, putting an end to tlicse presents, as contemplated in 
clause 13 htai'of, and there shall he nothing due or payable to him or 

them under clauscis 0 and 13 of these pmsents, then the said 

his executors or aduiinistrators, hereby agree foithwith to jwiy to tho 

iiaid three calendar months’ sjibiiy fn>m thcj daU» of siuih 

declaration, and to find and provide tlic said without 

any cost to the said a second-class passage homo from 

; to Kngland. Proridod, neveitheloss, and this agRJcment 

is upon the express condition that such three months’ sahiiy shall not 
he paid nor ])ayablc, nor shall suc;h passage bo provided, unless tho said 

shall foiih with when rotpiired return direct from 

to England as aforesaid. ^ 

15. ^\nd it is fm*thcr <icelared and agreed that in case the said 

his executors or administratoi^s, shall find tho said 

not coin]>cteut to discharge his said duties in a skilful 

and elUciciit mjiniier, and to tho satisfaction of tho said 

or such otlior ])t!T‘S()Tis as aforesaid, or tlieir chief manager for the time 

being, then and in any sucdi ease the said liis executors 

or administrators, may, if they shall think fit, juit an end to this agree- 
ment, Jind every part thereof, on giving to tlie said 

months’ notice of their intention so to do. And fiiither, that in case 

tho said shall neglect his sjiid duties in any way, or sliall 

absent liiniself ‘'s aforesaid without leave from tho worlvs or other place 

of businesvs of tho said or from such other dutitJS aa 

aforesaid, as lie or they, or their chief manager for the time bc.iiig, may 
have dii'ected him to perfonn, or coimnitting any broach of tho stipida- 

tioiis of this agreement, then and in any such case tho said 

shall pay to the said the sum of as and for 

liquidated damag<>s, and not by way of penalty, and it shall also bo 

lawful for, hut not compulsory on, the said his executora 

or administrators, or others, tho paitnor or partiuTS of tho said 

for the time being, or tho chief manager f(»r tho timo 

being, at any time witliin seven days from such migloct of duty or 
absoncio without leave, on committing any such breaclies, to pul au end 
to this agi cement, ancl thcrouiion at any time during such seven days 

to discharge th(j said ; or, if the said his 

executors or administrators, or other the said p(irson or persons, shall 

not tliink fit to discharge the said within such seven 

days, it shall he lawful for him or them, hut not compidsory, at any 
time within two months after such neglect of duty, to give to tho said 

one month’s notice of their intention to put an end to 

this agreement and every part thereof, and in sucJi case this agreement 
shall from tho expiration of that notice cease and bo void, except so 
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as tho recovering from tho said the said damages as 

aforesaid. And also that in (‘ase the said shall through 

any neglect or dclault of his own, or hy reason of the breach of any 
stipulation or agn^ement herein sot forth, occasion or cause any stoppage 

of any of the works of the said executors or administi-a- 

tors, or his or their j>artnor or partners, or any damage, loss, or exi)ense 
to him or them, or embezzle, waste, or sjwil any of his or their nuichi- 

iiery, goods, or property, then and in such case the sai<i 

sliall, and ho hereby expressl}’^ agrees to pay to the said , 

executors or administrators, or his or their partner or partners, as and 

for liquidated dttmages, and not by way of penalty, the sum of 

and thereupon the said , executors or administrators, or 

the sjiid paitner or pai-tncrs, may at any time thereafter, if he or they 
60 think fit, but it shall not be compulsory upon him, or them, or their 
chief manager for the time being, at any time within seven days from 
such damage, loss, or expense, to put an tmd to this agreement, and 
forthwith discharge the said from such service as afore- 

said, or that in case he- or they shall not so put an end to this agre^e- 

ment and tlischarge the said it shall be lawful for, but 

not compulsory iipon him or them, at any time within tw^o calendar 
months from the date of such damages, loss, or expense, to give to the 

said one month’s notice in writing of their intention to 

j)ut an end to this agi’oi'ment, and every part thereof, and in such ease 
this agreement shall, from the expiration of such notice, cease and bt* 

void, except so far as tho recovering from tho said the 

said damages as aforesaid. It being nevertheless expressly declaie<l 
that should tho said ............. his executoi's or administrators, his 

or their partner or partners, not put an end to this agreement as afore- 
said, that he, the sai<l sluill pay such damages as afore- 
said, and that it shall bo lawful for the stiid his executors 

or administrators, his or their jjaitner or partners, to deduct, fi*om time 
to time, all and every damage sustained by him or them at any and 
every time fixjm or out of any moneys that may then or thereafter b<- 

due and payable, or growing due and payable, to tho said 

on any account whatsoever. 

As witness the hands of the said parties tho day and year first 
before mentioned. 

(Signed) 
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T)ie Hands required for workinpr in factories not being: used to tho 
Victory system of working: steadily a pdven number of hours, and 
being: more accustomed to domestic labour, the changro at first is not 
reg:arded witli satisfaction by them ; consequently the production for 
a short time will be less than otherwise would be the caso. In Engrland, 
at the commencement of the factory system, tho regfiilar discipline 
was not liked ; so it will be in India and other eountries where new 
industrial enterprises arc to bo conducted on the factory system. 

RegnlariUj of Attendance of the hands employed is one of tlu) most 
important points for working with economy. A factory will rtjquire a 
eertuiii number of hands to attend to tho machinruT ; and the cost of 
fuel, superintendence, taxes, and other fixpenses will bo tho same, ttven 
if some arc absent ; but the production then will bo loss. In Bombay, 
where in nine mills out of ten great mismanagement prevails, there 
is much irregularity of attendance of the hands, and on some days 
liven onc-fomlh of the machinery is not working from that cause ; tho 
wages in some cases being also in aiToar. 

But by giving reasonable w^ages, by introducing tho system of wages 
according to the amount of work done, so far as it may be imicticuiblo, 
instead of p0} ing a fixed sum by the month, by pjiying tho wages 
regularly on a hxed day, by treating tho hands with kindness, by 
building cottages or huts for them to reside in near tho factory, and 
by taking other measures for their welfare, the iiTOgularity of atten- 
dance, which is a drawback on tho economy of production, will dis- 
appear to a great extent. In England tho hands are ])aid ix'gularly 
every Satimlay. Even in England in most manuf.tcturing towns there 
are a less number of hands present in the factories on IVIondays than 
any other week days, as the men indulge too much in holiday-making 
on that day. 

Rrizes given to the workimoplo every six months or every yc*ar, in 
tho shape of cloth, sjiree, or other wearing aiqmrel, for regularity of 
attendance, and for producing the largest quantity in a given number 
of hours, and for good behaviour, will be a welcome reward itself, and 
will stimulate their energies. 

School. — Every factory where boys and girls are employed ought i*t 
l'^.i«ro a schoolroom atbichcd ; and half an hour, momings and evenings, 
should be devoted to giving lessons to the children in reading, writing, 
and simple sums. It will be found that after receiving this elementary 
instruction, older will prevail in the factory ; they will be enabled to 
distinguish their numbers on the roll call, w'hich will save time, and 
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avoid confusion on the pay day; and they will attend to their work 
inueh bettor. It will improve their character and inti'lligence ; by its 
inlluenei! their whole spirit wdll bo moulded, if properly directed, and 
tlujy will enjoy the blessings of re<ading and writing as long ns they 
live. In Ihigland, by the Factory Act passed by Parliament, every 
boy and girl c'lnployed is comiielled to nttc'nd S(?hool half the day. 
There are other iirovisions imlbi-cod by law for the health, comfort, 
and saf(‘ty of the hands employed in the factories. A room also should 
be set apart for taking meals, if cottages arc not built invar the factory. 
Hot baths should also be pro\'ided by' laying a pipe from the waste hot 
avah'r of tbt‘ engine. 

Food . — WTiere cottages are built near the fiictory', as they' ought 
to he, it wall be hotter to establish a proWsion shop for selling ri(;e, 
cloth, and other necessaries at wholesale prices to the Avoikpcojde. 
The proprietor will lose nothing by it, and for the slight troubbs he 
wdll gain the afh'ctions and regjiid. of tlie workpc()i)le, W'hich will 
he of some value at least. By adopting these hints, the cost to the mill 
proprietors will he very little or next to nothing, hut it will ho a good 
proof to the workpeople that their masters do care for them. They 
w'ill work chccadufly; tho production in the mill will he increased 
thereby, w'hich will be a source of direct profit to the proprietors ; and 
the men also will cam higher w^ages if they are piiid according to the 
amount of w'ork turned off. Thus the oinploy'crB and tho employed will 
be alike gainers. 

In Great Britain, in other parts of Burope, and in America, many 
plans have been set in operation for the benefit of tlie lactoiy work- 
people, which India and the East will do wmll to adapt to the habits 
and feelings of the w’orkpcople, accoi*ding to circnmstaiu'i's. One of 
the most complete CBt4iblisbmeiit8 of this kind is in Yorkshire, at 
Kaltaire, reared wholly by Mr. Titus Halt, the propritjtor of most 
extensive spinning an<l weaving mills. Nearly 600 cottages have been 
built by him solely' for his workpeople, and rent«’d to them on very 
easy tenns. A school has been also built, to give educjition to more 
tlian 600 children on the half-time system of the maiiufactui’ing 
districts of England. That is, half the number being engaged by turns 
in school, and tho other half in the mill. The baths and wash-houses, 
with washing and wringing-machines, arc comph'te. TIuto is a 
medical man to look after the hesxlth of the people when they are sick, 
and there is not a single liquor shop in the whole place. 

Another great mill proprietor, Mr. Akroyd, has built a village called 
Akroyden, with 112 cottages for tho jKiople omploy'ed in his spinning 
and weaving mills. He has also provided a number of allotment 
gardens, recToation grouiuis for swinging and for gymnastic exercises, 
and also a pen-ny savings-bank. 'But such schemas are not merely 
confined to spinning and weaving mills. Messrs. Cowan, papemiakers 
in Scotland, in connection with their works, have ostahlishod schools, 
cottages, gardens, and oven flower-shows, and a lodging-liouse for 
unmarried females ; and they have taken pains also to encourage the 
factory people to make provision for old age. 

At Price’s Candle Company's Works, London, established for 
manufacturing candles, bor]), &c., from palm oil, — one of the managing 
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directors of that Company, ^Ir. Wilson, with the f^roatest zeal (and at 
liivt at his o^vn expmaeii, orj^anised schools, cricket cdubs, tca-pailioa, 
and even excursions daring the holidays, for the improvenieut of the 
workijoopln. At a meeting of tht* propiictors of that company, out of 
seventy ])resent, it was agnu'd, with hut one dissentient voice, to allow 
£900 a year for carrying on the educational oijorations, which had tho 
desired cftV'ct on thcrworkpeoide to promote hy their oilorts the interests 
of the company. If some of tho Bombay mills in the height oi‘ their 
prosperity, instead of voting, with great stupidity, large sums of moiu'y 
fi^r marbhj statues, hy the best artists of London, of directors, unen- 
lightened, wlio did nothing whatever for llu^ improviunent of tho 
factory or the wm'kpooid<*, and who had made fortunes in shares of tho 
company’ they'' htid organised — if that amount, sp(*nt on inarhh' busts, 
had been spent in building schools for the factory hands, tlu* cdfect 
would have been very bcnoficial both to tho workpeoi)lo and tho 
proprietors. 
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A •practical farmer and a man of science stated, in 
one of the lectures on the Results of the Great Exhibi- 
tion, that he fully endorsed the opinion given by the 
Exhibition juries, that the application of machinery to 
the main branches of farming labour, taken together, 
has effected a saving on outgoings or an increase on in- 
comings of •not leas than me halj ; and that new agri- 
cultural machines have, with reference to the amount 
of saving produced by them, the merit of cheapness. 
These opinions come from a high authority, of unques- 
tionable impartiality, and are the result of deliberate 
calculations based on actual practice, and are recorded 
in official documents. Let a claim be made then for 
these useful inventions for India and the East ; as the 
landlord, the ryot, and the Government, have all an 
interest in the subject. 

The condition of agriculture in India, whore the 
Government derives half its revenue from land, is de- 
plorable, Professor Wilson, member pf the council of 
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the Royal Agricultural Society, and Professor of Agri- 
culture at the University of Edinburgh, and also a 
practical farmer, has remarked that the implement used 
for tilling the soil by the subjects of Queen Victoria in 
India at the present day is almost identical with that 
used for the same purpose by the Assyrians some three 
thousand years ago, as appears from drawings of ploughs 
taken from the tombs of Nineveh. 

It has been stated that at the model Booldana farm, 
in Western India, the first step for improving the 
Indian plough has been taken, by substituting iron for 
wood at the joints, which cannot get loose, nor are so 
apt to break. But what is this improvement P — not even 
a drop in the ocean, compared with the gigantic strides 
made in America and England to facilitate the labours 
of the farm. Up to 1848 the number of patented in- 
ventions in the United States, solely belonging to the 
class of agriculture, was 2,043 ; and in the single year 
1861, the number of applications was no less than 350, 
while in 1863 it was 502. There the profits resulting 
from the sale of agricultural implements arc stated by 
a competent authority as enormous. One inventor sold 
the patent for a machine for threshing and cleaning grain 
for 60,000 dollars. Mr. James Howard, an English 
agricultural machinist, whose works are the largest in 
the United Kingdom for the special manufacture of field 
implements, after making a tour in America in 1866, in 
a lecture delivered before the London Farmers' Club, 
stated that the trade in America in agricultural im- 
plements had reached gigantic proportions, and that 
every year 100,000 reaping machines for cutting the 
harvest are made in the States. In England, where 
labour is cheaper than in America, according to the 
evidence of a practical English farmer and a man of 
science, by the use of the reaping machine, with two 
horses, corn is cut (fifteen acres in ten hours) at one 
third the cost, and in one twentieth the time required 
by the slow hand sickle ; it is prepared for the market 
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by the use of tbe tbresbing machine, and the different 
qualities of the grain also separated by the machine at a 
cost of 7d. per quarter, against 3^. 5d. by the old process. 

The progress in Great Britain in the manufacture 
and use of improved agricultural machinery is very 
rapid. Half a dozen firms made 327 threshing machines 
in the year 1852, but 1,084 in 1861, single houses 
turning out nearly 400 each per annum. The same 
number of makers sent out 270 steam-engines in the year 
1852, but 898 in 1861. At the present time the estimated 
number of agricultural steam-engines at work in Great 
Britain is about 12,000 ; they are being supplied at the 
rate of about 10,000 horse-power per annum ; and the 
average power of the farmer’s engine is now 50 per 
cent, higher than it was ten years ago ; this latter cir- 
cumstance being due to the increased size and capabili- 
ties of the threshing machines, and also to the spread 
of steam tilling implements throughout the country. 
Four manufacturers sold only 32 reaping machines m 
1852, but 1,715 in they ear 1861. Of these machines, 
so recently introduced, one factory has now turned out 
more than 5,000; and, including hay-mowers, four 
other houses have supplied altogether more than 
20,000 in Great Britain, and half that number to other 
countries. One firm makes 4,000 root-cutters and 
pulpers every year ; another firm makes 1,500 horse- 
rakes, 4,000 sets of harrows, and 7,000 ploughs per 
annum. 

Even a machine for plucking cotton has been in- 
vented lately in America, which is expected to do the 
work of twenty men. The value of agricultural imple- 
ments and machinery in use on farms in the United 
States’ in 1860, amounted, according to the official 
returns, to £50,000,000. 

Now contrast this with India, with its area of 
1,605,688 square miles, and a population of about 200 
millions, where not one person is engaged in manu- 
facturing a single improved agricultural implement. 
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while in England one single firm turns out 7,000 
ploughs per annum. There is not in India, throughout 
the whole length and breadth of the land, a single 
society, such as the Royal Agricultural Society of 
England, for the promotion of agriculture, nor an 
annual exhibition of improved implements, nor an 
annual show of cattle ; nor is there a class formed in 
any school or college, for teaching agricultui*e on scien- 
tific principles, as in England. 

In England and other parts of Europe, agricultural 
improvement has arisen, not only in making use of 
improved machines, but also in the manufacture and use 
of artificial manures. At one time, common farm-yard 
manure was considered as the only efficient fertiliser. 
But the astonishing cficct of adding bone-dust to grass 
lands, of guano and various substances to other crops, 
even in very small quantities, has caused a comi)lctc 
revolution in agriculture. The demand for bones is so 
large that they are imported info England from abroad; 
and India also sends the bones of its dead animals from 
a distance of ton thousand miles to fertilise the soil of 
England, in ignorance of its use. In England, at first, 
pieces of bone of half an inch were used, then quarter 
inch, then tine bone-dust. The last improvement con- 
sisted in dissolving the bone in common clicap sulphuric 
acid (which is extensively manufactured in some parts 
of India) ; this was found to sui’pass greatly in efficiency 
the finest bone-dust ; but English fanners found it in- 
convenient to prepare dissolved bones, so establishments 
wore erected for that purpose, and the progress of this 
branch of industry has been so rapid that there are 
now in England and in other parts of Europe largo facto- 
ries solely devoted to manufacturing artificial manures, 
principally from bones, but also from certain mineral 
productions, refuse charcoal from sugar refineries, refuse 
salts from chemical works, woollen waste, &c. It has 
been found that many of these substances in their 
natural state, even after being pounded, have little or 
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no effect on the crops, but that in order to restore the 
exhausted land, they require special chemical treatment. 

The manufacture of artificial manures, in comparison 
with other branches of industry, is very simple, and 
does not require expensive machinery beyond the ordi- 
nary crushing and mixing apparatus, which are best 
set in motion by small steam-engines, or even by water 
power. 

Centuries have rolled over India, yet the state of 
agriculture is the same. Let this be changed, as it has 
been in other civilised countries. Let the laws of nature 
be taught in Indian schools ; then the Indians will seek 
for scientific principles, and not be content with the 
observance of mere routine. Let science lend her aid 
in Asia in relieving the necessities and in advancing the 
comforts of its inhabitants. By such change, upon no 
class will greater benefits be conferred than upon the 
agricultural ; the landlord and the Government will 
also share in it, as half the revenue is derived from land; 
and the manufacturer in India and England will rejoice, 
as what benefits one must benefit the other. The deeper 
the plough will go in the soil in Asia, the faster the 
shuttle will fly in the weaving looms. 
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PRICE LISTS OP STEAM AGRICULTURAL MACHINERY, 


Adapted for Letting on Hire, or for Use my Large 
Landed Proprietors. 


£ 

Steam cultivator, with ploughing apparatus, windlass, steel 
ropes, with portable steam-engine, mounted on wheels, 
complete, with harrows combined, for working on the single 

engine system, from £G00 to 800 

Por working on tho double engine system, from £800 to . 1,500 

Tlie above cultivator effectually cuts up land at one operation, and 
also pre]).*ircs thc3 ground already turned up, effecting two operations at 
one timtj if required. Witlumt the removal of tlie engine or wind- 
lass, as much as 40 acres can be cultivated, or 7 to 10 acres in a day, on 
the single engine system, and tho engine can bo used for tliresbing or 
other piuposca. 


Stci m threshing machine, fitted to prepare tho grain for market, 

tnouutcd on wheels complete, drivon by straps, from £150 to 500 

The operations of this machine are threshing, mnnowing, straw 
shak ing, and delivering cleaned com into bags at the i3iul ol‘ the ma* 
chii i They arc suitable for places where grain h as hith eito boon tr« >dden 
out by the ft;ot of oxen, ancf will thresh from 24 to 68 bushels of coni. 
Some machines are fitted with a straw chopper, which reduces it into 
small ineces. ^ 

Steam centrifugal pumps, to raise water for irrigation, 10 to 20 
feet high, from 600 to 4,000 gallons of water per hour, 

from £75 to 280 

Disintegrator for pulverising boiled bone, bone asb, guano, and 

other materials for manures, with casing complete . . 80 


(Extracts from tho Report on Steam Cultivation.) 

“ We have seen one instance where good results wore obtained on 138 
acres, but the circumstances are too exceptional. Wo think 260 acres 
of strong arable land is tho minimum quantit)^ on which it would be 
wise to introduco steam culture, the engine still earning most of its 
money at other work ; in such a case wo decidedly recommend tho 
roundabout plan, with a cultivator and plough. . . . On lighter 

land a larger breadth would bo desirable, say from 350 to 400 acres, 
and as tho acreage is increased beyond these limits, the profit of the 
investment would be increased. . . . Farms require more or loss 

preparation for steam ; fences should be taken up, and in some cases 
roads made. . . . Trees left in the arable fields present a senous 
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obstruction. ... In the majority of instances we found the pro- 
prietors satisfied with results, and, having once experienced the advan- 
tages of steam over horse-power, unwilling to go back to the old 
system. ... A point of importance on strong land is the ofFect of 
steam cultivation on drainage and produce. ... In many cases 
the increase has not boon sufficiently marked to be visible to the eye, 
whilst in others from 4 to 8 bushels per acre is the estimated increase 
of com crops, and such a result would add matciially to the profits on 
steam.’* — From the Journal of the Agricultural Society of England^ J*ily> 
1867. 


AGRICULTURAL MACHINERY FOR ANIMAL POWER. 

£ 

ron plough, with all recent improvements, made suitable for 

India and the East, from £6 to 15 

These ploughs are manufactured with slight modification in details 
for heavy or light soil, for working at various depths ; or the various 
})rocesses of ordinary ploughing, paring, ridging, and subsoiling, can 
be pcTformed by one implement. The average weight of these ploughs 
is from 2 to 3^ cwt. 

£ 

Potato raising plough, adapted for places where large crops of 
i)otatoea are raised. From 3 to 4 acres can be raised in a 


day with two horses. From £6 to 8 

Dwarf iron plough, for shallow ploughing, worked by a 

l)ullock. From £3 to 6 

Iron harrow, two to four beams, five or six rows of teeth, for 
general seed harrows ; weight from 1 to 2-^- cwt. From 

£6 to ... 8 

Double-action hay-making machine, weight from 7a- to 12 cwts. 

From £14 to 20 

Threshing machine, complete, for being worked by bullocks, 

from £56 to 100 

Grass cutting and reaping machines, with all improvements, 

from £20 to 30 

Pumps for irrigation, to be worked by bullocks, and to raise 
« 4,000 gallons per hour 


150 



APPENDIX 


THE TEXTILE MANUFACTURES OF INDIA. 

(Extracts from Dr. Forbes Watson’s work, as origin:il]y printed 
for the Imlia 1867.) 

Spocimons of all the important textile manufactures of India have 
been collected in eighteen largo volume's, foiming one set containing 

700 specimens I'his work, therefore, may be regardcul as an 

analysis of the contents of the tughtoen volumes, and a elassitication of 
them according to fuiK'tioii, quality, material, .'md d(}coration. 

Mitslius. — A large proportion of these, and cei“tain]y the most famous 
of them, ar€^ manufjiotui’od at Dacca. Othtir placc;s in India produce 
fabrics of extreme <lelicacy and beauty, though the Dacca weaver lias 
unquestionably the first place, having never as yet beeit beaten, either 
in India or out of it. No one will examine them n.n<l marvtil that they 
should have received such poetic names as the “livening Dew,” and 
“The Ilunniiig Water,” and the “Woven Air.” The weight of a 
piece one yard widf3 and four yards long, was found to be 6G6 grains, 
and the weigtit of another piece of the same width, but t(!n yards and 
twelve inches long, was found to ho l,5Go grains. 

Jamdame, or loom-figured muslins, from the exquisites deslic.acy of 
manipulation wdiich many of them display, may Ixs considwi.'d tho 
c1ief~d' wuvre of tho Indian weaver. From their complicated designs, 
they have always constituted tho most expensive productions of tho 
Daccfi loom. 

Calicoes.- -The common unbleached fabrics, under names varying 
in diflerent localities, constitute a large proportion of the clothing 
of tho poor. They are also used for packing goods, fpid as a covering 
for tho dead, for whi(j^^'ast purpose a large quantity is employed by 
Hindoos and Mohammfoi:c ^ 

Canvas, Cotton . — The strength, lightnc^ and other good qualities of 
the cotton sailcloth manufactured in India, recommend it to more at- 
tention than it has received in this country. The quantity of cotton 
annually consuineil in India in the manufacture of sail and tent cloth is 
very largo. 

Checks and tartan patterns, made with cotton woven vnth coloured 
thread, arc admimhle imitations of well-known patterns in this coun- 
try. TTiey aro chiefly used for skirts, petticoats, &c. Some of tho 
shepherd tartans are also used for making up into trousers. 
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Dyed and pnnted fabrics are produced m many parts of India, or 
perhaps more properly speaking, here and there over the country. 
Musulipatam, Amec, and Sydaput, in the Madras Presidency, are 
famous for their khceteCy or chintzes. ^ Those of Musulipatam are known 
under the name of calum-kouree (which literally means “firm colour’^), 
and exhibit great variety in stylo and quality. 

Cotton^ Miscellaneous . — Not a few of them, such as the table napkins, 
d’oyleys, and pocket-handkerchiefs, are manufactured to suit European 
wants, and these illustrate the imitative power of the native manu- 
facturer. 

Silk and Cotton piece goods form an extensive article of manufacture in ■' 
many parts of India, chiefly for home consumption, but pfirtly also for 
export. An impoitant class of fibres, commonly known under the 
name of Mushroo, is a satin with a cotton back. It is a favourite 
mateiial, and is used in a variety of ways by the well-to-do classes. 
All Mushi-oos wash well, especially the finer kinds. English or 
French satins are more beautiful both in colour and texture ; but it is 
needless to say they will not wash. 

Wild Silks — in contradistinction to the foregoing, or cultivated 
vaiicty — are the Tussar, Eria, jind Moonga, and fabrics made of some 
of them — and particularly the Moonga — have juobably been known in 
the East from time immemorial. Although Tussar is the variety of 
wild silks best made in this coun^’', the Moonga, from its superiority- 
in point of gloss and other qualities, is that most commonly employed, 
esp(;cially for the inanulacturo of mixed fabrics, and for some kmds 
of embroidery# The silk Moonga is impoi-ted into Dacca from Sylhot 
and Assam. The cloths of this class are of considerable variety, "both 
as regards texture and pattem. Some consist chiefly of cotton, with 
only a silk border, or a silk flower or figure in each comor ; others 
are striped, chequered, or figured with silk tliroughout the body of tho 
cloth. These cloths are made exclusively for the markets of Arabia. 
Some are occasionally shipped to Rangoon, Penang, and places to the 
eastward, but tho far greater portion of them is exported to Jidhti, 
whence they are sent to the interior of tho country. A considerable 
quantity of them is sold at the annual fair held at Mcena, in the 
viciniy of hlocca. They are made into turbans, gowns, vests, &c., by 
tho Arabs. 

Kincob . — Of the varieties and patterns produced in India by the 
combinations in the loom of silk, gold, and silver, only a faint idea can 
be obtained from the s])ecimens. The European manufacturer who 
may have attempted the introduction of metal into his fabrics, will all 
tho moro*rotidily comprehend and admii’o the results obtained by tho 
Indian weaver. 

Gold and Silver Tissues . — In these tissues tho flattened wii’O, instead 
of being twisted round silk Uiread, is itself used ; the warp, or the 
weft, as tho case may be, being of ve^ fine silk tliread, so as tc) inter- 
fere as little as possible, with the continuity of the surface presented by 
the metal. It is thus that the cloths of gold and silver^ of which we hear 
in Eastern countries, are made. 

Handf or Needle Nmh oid&ryy is a kind of work in which the natives 
show an admirable skill. Every kind of fabric, from the coarsest 
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muslin to the richest cashmere cloth, is thus decorated ; and though 
Dacca and Delhi are the places best known for their embroidery, there 
are numerous other places in India in which the wrorkei-s are equally 
skilful. Chtkan work includes a great variety of figiured or dowered 
work on muslin, for gowns, scarfs, &c. It also comprises a variety of 
network, which is formed by breaking down the texture of the cloth 
with the needle, and converting it into open meshes. 

Cashmere Shawls . — This is now by far the most important manufac- 
ture in Puujaub, but thirty yearn ago it was almost entirely coiiliiietl to 
Cashmere. 'Hie best shawls in the Punjaub are manufaetui-cd in ITm- 
ritsur, but none of the shawls made in the Pmijaub ('an compete with 
the best shawls made in Cashmere itself. A woven sliaw l made at Cash- 
mere, of the host materials, and weighing seven poiuids, w’ill cost in 
Cashmere as much as £300. Of this amount, the (.'ost of the material, 
including tlm^id, is £30, the wages of labour £100, miscellaneous (‘x- 
penses £50, duty £70 I^ushuniy or shawl wool, is a downy sub- 

stance, found next the skin, and below the thick hair, of th(i Tliilx'tan 
goat. 

CameVs Hair Cloth.^ called puttoo^ is usually considcrcnl to bi» manu- 
factured from the inferior qualities of shawl-wool. The putioo is 
generally employed by the natives for making uy) into long coats, 
called chogas, ornamented in a variety of ways, genejally by means of 
silk braiding. 

Kersey mcre-Uke Cloths^ unlike the puitoo, are of a ratber hard de- 
scription, like our kerseymere cloths. 

WoolUmSy striped, are made up for wear in Sikkim, as w’cll as in 
Nopal and 'rhibot. Citmhlee is worn in the cold woatlujr for tJm jn-o- 
tection of the hoad and shoulders. Pelts are used i'or blanhets and 
cloaks, and for iiuiking into leggings. These frilts arc conunonly used 
as carjjc^ts, cushions, b(3dding, horse clothing, &c. 

Carpets and lings are of five kinds, and the manufacture, is of very 
consiilonible extent, 'fho first is made ciitiiely of cotton, find is of a 
close, stiff texture, and smooth surface. The oidinary name of ilu'se is 
Suttringee, and they may be sfiid to bo made here and there ovm- the 
whole coimtry, their use being almost universal. They arcj iixtreuudy 
durable. In tho second kind the wai*p, like the last, is of cotton, but 
the woof is of wool. Tho loom emidoyed in w’ejiving botli these is 
horizontal, w ithout cither treadles or reed, and tho wm-p is strebslujd 
out the whole length and breadth of tho piece intended to be wrought. 
The woof is not tlirown across with a shuttle, but is i)ass(‘(l thiongh 
by several workmen, who bring tho threads together with woodiiii 
combs in place of a reed. Tho narrowest piece requires two men, and 
eight or ten men are employed when the breadth is great. _ 'J’he third 
kind is made of cotton, but instead of prescntii]^ the plain surface of 
the two List, a short, thick-set pile of cotton is worked into it. In 
the fourth group the pile is of "wooL 
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KAIOS OF FLAGS 

FRSSIDENCY OB 

DISTRICT 

Agra 

N.W. Provinces 

Ahniednuggor 

Bombay 

Arcot 

Madras 

Bangalore 

Mysore 

Beckaneer 

Rajpootana 

Beejapoor 

Suttara 

Belgaum 

Bombay 

Bcllary 

Madras 

Benarus 

N.W. Provinces 

Berhanipore 

Gan jam 

Bcrhamporo 

Moorshabad 

Bhagulpore 

Bengal 

Bhairulpore 

Native State 

Bhiirtpure 

Ditto 

Bickul 

North Canara 

Bombay 

Bombay 

Broach* 

Ditto 

Buttala 

Goodnapore 

Cachar 

Bengal 

Calcutta 

Ditto 

Cashmere 

Native State 

Chicacole 

Gangaum 

Chingleput 

Madras 

Chunderee 

Gwalior 

Coimbatore 

Madras 

Combaconum 

Tan j ore 

Congevcran 

Chingleput 

Coonathoor 

Ditto 

Cuddalore 

Arcot 

Cuddapah 

Madras 

Candapore 

South Canara 

Cutch 

Native State 

Dacca 

Bengal 

Darjeeling 

Ditto 

Delhi 

N.W. Provinces 

Deyra Ishmail 

Punjab 

Dharwar 

Bombay 

Futtygurh 

Furracabad 

Gangam 

Madras 

Goodaspore 

Punjab 

Gwalior 

Native State 

Gya 

Bengal 

Harzara 

Punjab 


NAMB OF PLACE 

PBESTDENCT 

DISTRICT 

Hoshiarpore 

Punjab 

Hyderabad 

Sind 

Hyderabad 

Deccan 

Jegpore 

Native State 

.Ihelum 

Punjab 

Kangra 

Ditto 

Karicul 

Tan j ore 

Kohat 

Punjab 

Kurnool 

Madras 

Lahore 

Punjab 

Leiah 

Ditto 

Loodiana 

Ditto 

Madras 

Madras 

Madura 

Ditto 

Mangalore 

South Canara 

Musulipatnm 

Madras 

Moorshedabad 

Bengal 

Mylapore 

Chingleput 

Nagang 

Madras 

Nagpore 

Nagpore 

Nellore 

Madras 

Nurrapore 

Sind 

Odeypore 

Kajpootana 

Palamcottah 

Tiiinevelly 

Patna 

Bengal 

Pondicherry 

South Arcot 

Pulicat 

Madras 

Kadnagore 

Ditto 

Rajamundry 

Ditto 

Raneepore 

Ditto 

Rawul Pindee 

Punjab 

Salexn 

Madras 

Santipore 

Bengal 

Sattara 

Bombay 

Shahabad 

Patna 

Shikapore 

Sind 

Sikkim 

Native State 

Surat 

Bombay 

Sydaput 

Chingleput 

Taniore 

Madras 

Trlcninopoly 

Ditto 

Vizagapatam 

Ditto 

Warungul 

Deccan 
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MINERAL RESOURCES OF INDIA. 

(E.YtTact8 from a Tapor « On tho Roaiilts of tho Groat Exhibition, 1862,” 
in the Vractiml Meehnnici Journal^ by M. C. Cookk, Esq., E.JS.S., 
India Department, London.) 

We are onljr now beginning to understand in what the mineral 
wealth of India really consists, and it is gratifying to leaiTi that tho 
coal and iron resources have so increased in development as to occupy 
very prominent positions in this collection. 

Iron, — Tlio most important part of metalliferous deposits is the iron 
scries. Of those ores a good collection is shown from various localiti(;s. 
The rod ochrijy ironstone of Cuttack is repn^semtod by spr'cimons from 
Dhenkonal and Talchcre. An abundance of this ironstone is found in 
the district of Sumbulpore, and it is plentiful in tho Cattack tributary 
sttites of Talclmrc, Dhenki'ival, Pal-lSalmra, and Ungool, and, in fact, 
throughout the hilly country bordering tho si'ttled districts on the 
noith-wost. All the iron employed in this division is obtained from 
these local sources. In Sumbulpore the crude iron is sold for about 
three farthings per pound. In smelting the ore no flux is used. 'J’ho 
broken ironstone is mixed with charcoal, and put into a clay funmee of 
about four feet in height. The lire is mainhiined by an aiiilicial blast, 
introduced through a tire-clay pipe, which is luted with clay after the 
insertion of tho nozzle of tho bellows. TJie slag is rak(‘d out through 
an aperture made in tho ground, wliich runs up into tho ccaitre of the 
furnace base. The charcoal employed is that of tho Saul tre»', which is 
abundant. Although limestone in calcareous nodules is plontilul on 
the spot, it is nowhere used in smelting. A specimen of tho Ungool 
ore taken from the ground, where it hud lain exposed to sun and rain, 
gave 66 poi- cent of toroxido of iron, equal to 46 per cent, of iiu'tallic 
iron. A sample from Pal-Sahara gave 60j per cent, of protoxide, 
equivalent to 47 per cent, of metal. Iron ore, of whicli a spcjcimcn is 
exhibited, is foimd in tho \dcinity of !Moonghyr, in the Kon*uckporc 
hills, and is smelted by the nativt38 for local use. 

Tho whole cliain tind spurs of tho Vliyndhya range, in the Shahabad 
distnet, is full of mineral stores. Abimdant quames of peroxide and 
protoxide of iron are opened in tho accessible portions of tho Kyrnoro 
range., which is a spur of the Vhyndhya. Most of the ores are iich in 
metal, some of them yielding from 70 to 76 per cent, of pig iron. 
Somo of the best iron in India is protluced at Palaniow and Singrowli. 
The Singrowli iron, especially, bears a high chanuitor in the market, it 
being tough, flexible, and easily worked. The greater portion of the 
Kymore ores are found on what is termed tho old red sandstone, super- 
lying fossiliferous limestone of indefinite thickness. Although there is 
nn abundance of mineral co^ in South Mirzapore, in Palamow, and 
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Singrowli, the native smelters only employ wood charcoal, and the 
whole pi-ocess is conducted in the simple;^ manner. 

The East Indian Iron Company oxhihits a very interesting series 
of iron ores, accompanied by articles of manufacture. The ores are 
those worked by the company, and consist of samples from Salem, 
South Arcot, and Deyporo ; the stone of which the shell of the blast 
furnaces are built ; &c shells employed as a flux ; samples of wood 
used for making the charcoal employed in smelting ; native goat skin 
bellows ; charcoal pig iron, bar iron, cast iron, and Bessemer steel, 
made at Boyporo, direct fi’om the furnace, with specimens of cutlery, 
made by native smiths from the above-named Bessemer steel, and 
cutlery made from the sfimo steel at Sheffield. This series is included 
for convenience and comparison in one case, and is as important as it 
is complete and interesting. 

The ii-on oi-e of the Salem district is a rich magnetic oxide, which 
is very heavy and massive. The yield averages 60 per cent, of m(ital. 
A portion of this ore is a pure black magnetic oxide, which would 
yield as much as 73 per cent, of iron. The ore is sometimes much 
mixed with quartz, which is a very refractory material in the blast 
funiuci'. The chrome ores of Salem are rich, but have hitherto been 
tuiTiod to little account. 

The Kumuon Iron Company furnish samples of their metal, but no 
information as to the kind or source of the ores employed. 

Specimens arc also sent by his Highness the Maliavajah of Gwulior 
of the dfiaoo or ii-on earth found in the Gwalior district, hon is 
obtained from this ore at the cost of twelve annas for twenty seers 
weight, or eighteenpence per 40 lbs. Ores are also shown from Tcn- 
dookheia and Agurcea. At Tendookhera the ore actmilly worked is 
a large vein in the limestone of the great schist formation of the 
Indian Survey. It occurs to the north of the Nerbudda, in the open 
flat countrj’^ between the river and the Vhyndhya hills. Only one mine 
is worked at iirosont, but a similar ore has been found at other ])laces 
in the neighbouiliood. The ore resembles that of the foriist of Doan, 
and contains about 40 per cent, of iron. It is cahjaroous and veiy 
fusible, and is largely” smelted by tho natives at Tendookhera, where 
about sixty furnaces are generally at work. Tho ore is (obtained by 
means of pits .sunk from 30 to 40 feet through the alluvium of the 
valley. Erom tho iron of these mines the suspension bridge of Saugor 
was built several years ago. The Agpirea ore is obtained in thin flakes 
of a grey colour and metallic lustre. The mines are situated on a hill 
consisting of iron ore found at eighteen inches from the surtace, ex- 
tending over an area of 60,000 square yards, with an average depth of 
thirty feet. 

J*eirokum . — Petroleum is sent firam Burmah, hut although the supply 
is unlimited, the price is high, as tho monopoly is in the hands of the 
king. A similar product is forwarded &om Assam, but without more 
definite information of the precise locality. A kind called Cheduha 
petroleum is sent from Akyab, where it is used by the natives for 
burning in lamps, and varnishing the bottoms of boats. 

Plumbago . — That hitherto obtamed from Indian localities has scarcely 
been of a quality sufficiently fine for pencils, but would be available for 
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cnjciblcs : the demand for it for such purposes beings on tho’incroaso, it 
'Will not bo nninteroBting to loam that specimens luivc been sent IVom a 
mine discovered last year at Goorgaon. It is found in masses of 
variable sizes, and m general quite detached. In some cas(‘8 the rock 
all round is full of plumbago, mixed with small luicacoous ])articlf'S. 
Provisions fire being made for a further and more minute examination 
of this deposit. This mineral is also contributed from Vizagaiiatam 
and Malacca. 

-Sulphur is also forwarded from two or three localities, 
amongst which may be named the Hfila mountjiins, west of Gumlava, 
and the mines near Sliorun in Beloochistan. 

jimber.—'WovQ are some manufactured articles of Jimber of excellent 
quality, but the crude mateiial sent is unworthy of notice. 

ItockH ot' linilding Stones . — Porphyritic and felsiKilhie gi-aniles fire 
show'll from Sliahabful, and limestones from Jubbulpore, (.ibota Nag|n)re, 
Ghoynepoie, and the liohtas range. A small 8]>ecimen of an excellent 
alabaster is exhibited from Jacobabad, and a quantity of rock lr»nna- 
tions without locality or information of any kind, the pfipisra Jiecom- 
panying them having apparently been mis-sont. 

Amongst the slate series are some hone-stones from Chittledroog and 
Noilh Arcot, and w'hfit is known locally as Moungee stouf}, which seems 
to be a kind of chlorite shite or Potstone. This stone, w'hen (piarried, 
is soft and ofisily worked, but soon becomes hard, black, find bright. 
It is locally lanployed for the manufacture of utensils, idols, find ejirved 
figures geiK'rally. It is extensively quarriinl at Arissa. 

Corundum and Emery , — Those exceedinglj^ useful miniTals, coinindum 
and emery, especially the former variety, occur in at least Ibiity 
different localities in the Presidency of Madras. Kxci'lleut rpialities 
may be procured from Sjilem, Guntoor, Nuggiir, .'ind (’oimbfitore. 
Both kinds are frequently found associated together, as fit Sjilem, 
Nuggar, and Nellore. 

Clays.' “Polti-ry clays arc abundant in Bangalore, anil although 
samples of the clay have not been sent, there are a few typical speci- 
mens of the ifottery inoducod from tliem. A pure porcelain el.iy, e(m- 
vcrtible into a good w'hito ware, is found in great quantities in Bangitlorc, 
and may be liad for the trouble of picking it up. A buff cl.ay of good 
quality, and a brown potters" chiy, abound, lliose, combimal with 
felspfir grit, are now infinul'acturcd into drain pipes, &c., by thi' i>ri- 
soners at Bangfilore Industrial Convict School, wliich cstabliNlimerit 
has been in existence only about six months; and one of its chief 
objects seems to have been the utilisfition of the vast qiaintities of 
chiys which, though so abundant, hud never before been turned to 
accoimt. 

Excellent clays abound, of which the following are amongst the 
best: — White plastic clay, resembling the hall clay of the English 
potter, may he iirocurcd at Chingloiiut, Palavoram, Conjeverarn, Cutta- 
p. »kum, Ciuhlalore, Cuddapah, Coringa, and the Neilgherrios. Tough 
yellow clay is plentiful on the Bed Hills, Poonamalcc, Chingleput, and 
Cochin. Greyish- wdiite clay at Bangalore, Tilaveram, Sirecpoimatoor, 
and the Neilgherrios. Red clays at Burmah and this Guntoor districts. 
True fire clays at Chingleput, Cuddapah, and Tripasore. Clunch at 
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Madras, Poonamalloo, &c. Examples of these from some of the locali- 
ties are e.xliihited by Dr. Alexander Hunter of Madras, and others. 
Spoeinnnis of black and white clay arc shown from South Arcot and 
the Nizam’s territories. These are employed locally for the manufac- 
ture of pottery. Fire clays, brick clays, and clays for hydraulic 
cements urn forwarded from Sin^^tipore. 

Kaolin may bo obtained readily at Arcot, Hyderabad, llimlapatam, 
Cuddapah, Banpfaloro, Cliittoor, Madura, Cochin, &c. ; but this subsbince 
is very little used in India, on account of the ig;noranco of the natives 
as to thcj best methods of combining and firing it. • 

Tigments . — Of miscellaneous contributions not coming Avithin the 
foregoing grou]3s there are palmontological and other specimens from 
the survey under the diiection of Professor Oldham ; earths employed 
as yiigments, siuih as chalk coloured by the presemeo of oxide of iron ; 
fullers’ (*arth, gypsum, sulphate of baryh^s, chalk, grit, cheil, and 
sandstone, including Ilexible sandstone from Darjeeling ; mica, talc, 
and materials employed for the production of lime ; Jind lastly, th(j 
saline earths and chemical products obtained from saline efflorescence. 

Saltpetre and Sulphate of Iron^ the former obtsiinod from a saline 
tjfflorescence, and the latter from the mineral sulphate of the Kymoro 
range. 

Shale . — Speedmons are exhibited of a bhick shale found principally at 
Kalabag on the Indus, from Avhi(;h alum is maniifacturtid by a process 
very similar to tlio English method. An average of 430 tons are 
annually sold of the alum produced from tliis shale. 
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ARTS, MANUFACTUEES, AND MACHINERY 
AT THE PARIS EXHIBITION OP 1867. 

(Extracted from the EYyjitmring and other Englisli joimials.) 

The xji'osoiit is essentially the ago of machinery, a eom]neheusive 
term which includes ever>' form of productive api)ariilus. A machine 
is to a tool \vhal an organ is to a whistle, or a regiment to a juivatc 
Boldi(!r--a harmony of forces, a woll-arnuiged comhinaiion ca]>ahlc of 
producing great rcisults. The pocailiainty of the time is vast ness. In 
tlnj Paris Exhibition you may see the mighti(‘st im^parations naah' for 
aCvComplLshing the most ordinary and seoniingly (‘ommon-placi! results. 
The reflections with which one comes away from a walk among the 
machines in the outer ollix)So are that the cui*sc of labour is at haigth 
about to b(j removed from long-sufleri ng humanity, and a m‘w era 
begun in our history when the sweating brow shall give ))lar*e to tho 
atte-ntive brain, and brut<3 matter only require man’s supormtondenco 
while it subdues itself. 

Cotton Gim. — As makers of spinning and weaving machlneiy, 
Messrs. Plait and Co., of Ohlliam, have a rciputation sec.ond to jione. 
In separating the cotton fibre from tho seed, they tixhibit tlirco gins 
on Macarthy’s ])rincipl(‘, in which a roller of a few inches dianu'tcr, 
built up of fibres of Jute in the msiiiiier of a brush, hut so conipri'ssiHl 
as more nc^arly to resemhlo timber or i)ableboard, is slowly rotated on 
the li’ont of a hopper, into which tho uncleaned c,otton is thrown, 
wliero it n'sts noun a wire grating Blop3«l towanls th«3 roller, hut not 
quite roaehing thereto. In front of tho mass of uncloaned C(jlfon a h>rig 
horizontal hlad(i r«3ciprocatos against the horizontal jutcj rolh r, an 
opening being made in front of thci roller to jiermit this itction to take 
jdace. The fibres of cotton arc caught between the vibratory bla<Jo 
and the slowly rotating roller, and as the blaile d(3HcendR lh(3 fibres are 
pulled away from tin; c.entral seed, which, whiui denuded from the cai- 
veloping fibre, is small enough to fall thi’on^h tho nairow opouiiig 
formed by the grating not being brought quite up to the roller and 
blade. The seeds thus collect in the lower part of tho hopp(3r, freun 
whence they jito easily rcmovahlo. This gin is more siiihible for cot- 
ton of short or fonder staple than the saw gin of WhitTuy. In cotton 
Bpinning machinery, imiirovements have been so grivit, and tin* dilli- 
culties in the way of a satisfactory porformauco of the work have been 
80 well overcome, that, simply by being more carefully oiioncd, dravni, 
ami doubled, counts of yarn are now being spun from cotton, which a 
few years ago was not thought caiKiblo of being applied to the tunic. 

Sewing Among the houses who have distinguished them- 

selves by adopting all improvements, and creating a large tmde, wo 
must name that of J. and E. Waters and Co. Their trophy is wholly 
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composed of sewing cotton on spools, cards, and in balls ; these latter 
are extensively manufactured for India, and other foreign markets. 

Soap, CandUs . — ^At the present time stearine is manufactured by 
throe processes : 1st, by saponfication of the fatty matters with 13 or 
14 per cent, of lime, thus forming soaps — stearates, oloates, and mar- 
garates of lime — insoluble in water, wnilst the glycerine sot free is 
dissolved in the water; 2nd, by treatment with sulphuric acid, 
followed by distillation. The third process consists in the decomposi- 
tion of the fatty matters by the combined influence of water, heat, and 
pressure. It possesses the advantages of the first without the distid- 
vantagos of the second. It is economical, and produces a white 
stearine, and, at the same time, an acid oil of good quality ; but there 
is the (lifficnlty attending it that the treatment of the mtty matters 
subjected to it should be carried on in a vessel suificiently strong to resist 
with safety an internal pressure of about 210 lbs. per square inch. A 
vessel of this kind for containing the fatty matters whilst being tieated 
under pressure cannot be constxncted of iron, on account of tlmt metal 
being nipidly attacked by the fatty acids, and it has therefore to be 
made of copper, a material, however, which is not so wcjU adapted for 
resisting the pn^ssuro as iron, particularly at the temperature at which 
the process luis to be canied on. A plain copper vessel for the purpose 
we havtj mentioned has therefore to be made of considerable thickness, 
and it is therefore costly, as well as being liable to be injured by ex- 
posure to the naked fire ; and to avoid these inconveniences, M. Leon 
Droux, of Paris, has designed and patented an apparatus, which has 
already been introduced in several large works. A full-size apparatus 
of this kind is also exhibited by M. Droux in Class 61 of the French 
section. This ai)panitus consists of a large cylindrical copper vessel, 
2 ft. in diameter, into which the fiitty matters to bo decomposed are 
introduced by means of a funnel and cock. The copper cylinder is 
capable of resisting safely an internal pressure of about 213 lbs. per 
square inch ; and it is enclosed for the greater part of its length in the 
outer iron cylinder, capable of resisting a similar pressure to the 
copper cylinder, llie lower part of this ^n cylinder, which contains 
water, is placed in a furnace, and the cylinder thus serves as a water- 
batii for the inner vessel, and as a boiler for producing the steam 
required for effecting the decompewition of the tatty matters. The 
pressure also being the same within the iron as within the copper 
cylinder, all the lower part of the latter is relieved from strain. 
Altogether the apparatus is neatly arrange and sooms well adapW 
for its intended purpose. 

Imn Workshops. — Self-acting Tools . — The Exhibition of 1862 showed 
the first signs of a new era in tool-making having commenced on the 
Continent. The erection of railway repairing-shops all over the Con- 
tinent kept up a constant supply of orders; cheap labour, short 
distances for carriage, and in many cases a high protective . *ariff, 
assisted the first steps in this direction. The tool-makers sold their 
tools to others, but imported English machines for their own use, until 
they had a plant sufficient to enable them to arrive at the same degree 
of accuracy in workmanship which used to be the distinguishing 
feature of machines made in the best workshops of England. The 
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ability and industry of thoir workmen has always been, and is still, an 
impoiiant point in favour of continental manufacturei's. Tho result 
could not fail to be what it has been, viz., etjuality in every rt^spect 
except tho cost of production and sellings price of tho articles. So 
much for tho history of German tool-nnikin|jf during the last few years. 
In Franco the course followed was similar, only modified by the 
peculiar method of action, which seems to suit the national character 
in. that country, the Government taking tho subject in hand. The 
Conservah)ire des Arts et Mcticm, that excellent national institution, 
began the collection of designs of English machines, and placed them 
at the disposal of everybody who W'as willing to take copies from them. 
Designs are furnished, according to requirement, to the other Tintioiial 
schools and educational establishments throughout tho country, and 
Jire obtained by tlie constructors and draughtsmen of the <litlei-ent 
engineering establishments, practically freti of all cixpcnso. In some 
establishments in France the productions stand upon a level with the 
best tools produced in any country. 

locomotires . — The FiUglish show is very small ; but it has tho honour 
of contributing by much the finest locomotive to tho Exhibition — a 
model of strength, symmetry, compactness, and simplic-ity. Go in 
among tho French and German works and see what you find there. 
You find scores of engines, some of them extremely w('ll made. One 
is a locomotive ordered for our Great Eastern Riiilway. Forty such loco- 
motives have boon ordered ; 15 of which have been approved, and this is 
tho sixteenth. 8uch a fact as this may not bo generally known, and 
it is important. When we go into Wurtemberg wo find anotluT tine 
locomotive ordered for England, at least for one of tho East India 
railways. An order has been given for no less tliau 20 similar ones. 
We still provide tho designs for the locomotives, but we have to go 
abroad to get them manufactured, whore the labour market is cheaper. 
A question nal urally arises — ^Will not tho designs follow the maniifac- 
tiu’e ? Here you go to Creuzot for 40 engines as good as any tliat can 
be made in England, and cheaper; or you go to Esslingon for 20 of 
similar merit. Wliat will the end of this process be F Pride* ourselves 
on our designs as we may, how long are wo likely to retain superiority 
of design if we cannot also maintain superiority of maniifacturo i* 

Nail-cutting Mftchine . — ^The Wickersham Nail Company, of Boston, 
in the United States, exhibit, in the Paris Exhibition, a machine for 
cutting nails out of plate iron, and which, from the rapidity with 
which it works, and the excellency of its performance, justly deserves 
the notice which it attracts. The nails are cut out perfect, with heads 
and pointed ends, all made in the one operation of stamping-out. The 
machine in the Exhibition is fitted with cutters arranged for making 
nails 2^^^ in. long, and which are cut from a plate of iron in. thick. 
Eight nails fall out fully made with each revolution of tho driving- 
shaft, and at the time we saw it the machine was making about 120 
strokes per minute — that is to say, it was manufacturing nails at the 
rate of nearly 1,000 per minute, apparently with the greatest ease. In 
the manufacture of smaller nails the rate of produce would, of course, 
be much more rapid. 

Screw-making Machine , — ^Thore is a machine of extremely ingenious 

Z 
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oonstruction, for making small screws. The machine completes a 
screw by a set of several operations effected in succession by different 
tools. These tools are fixed in a revolving holder, which turns after 
each operation has been completed, and presents to the article operated 
upon a new cutter, which completes another part of the work. The 
turning of the tool-holder is made self-acting, the workman having 
only to move a lever forward and backward for each special operation, 
each set of six operations completing the work to be performed by the 
machine upon one article. 

JFood- Working Machinery, — ^Mr. Markert’s machine-made doors and 
windows occupy a large frontage in the Austrian machinery gallery, 
amongst the objects of civil engineering and architecture. The col- 
lection contains doors of the simplest kind, with specimens of flooring 
and windows to match ; and commencing with these it rises through a 
considerable number of gradations, all represented by full-size speci- 
mens, up to the most highly ornamented doors, windows, and parquet ” 
floorings, such as made at these works for the internal outfit of some of 
the finest houses and palaces on the Continent. We have before this 
noticed the extraordinary depth and boldness of Mr. Markert’s mould- 
ings, which is sometimes very difficult to produce by machinery, but 
wMch gives to those productions a particular architectural beauty. 

MISCELLANEOUS. 

A machine for door-hinges, and capable of producing sixty complete 
hinges per minute, was shown in the French department. These 
hinges are made of two sheets of brass, fonned in narrow strips, and 
coiled up' each in a large roll, which unwinds itself while working, and 
of one coil of wire, which supplies the central pin of the hingo. The 
strips of brass are punched out in the places where they are intended 
to interlock each other, and are afterwards doubled round the piece of 
wire, which is cut to the proper length. Ultimately the holes for the 
wood screws or nails to pass through are punched and countersunk, and 
the finished hinge thrown out of the machine. 

Machine for Cutting Wood for Lucifer MateJ^eSy in a perfectly cylin- 
drical form and.of equal len^hs, was exhibited in the French depart- 
ment. Matches of cylindrical form have been hitherto produced 
almost exclusively by hand, particularly in Austria and in some parts 
of Germany. In those countries a very considerable trade in sufth 
matches has been carried on for a very long time, and they are con- 
siderably exported to other countries, including England and America. 
The action of the machine is very rapid, throwing out a small bundle 
of matches at each stroke, and the quality of the article produced is 
superior to that made by hand. 

Enamelled Iron-ware for Domestic Use, — ^In the Austrian department 
some interesting articles were exhibited. There is a copper plate 
enamelled with a glass-like substance, which is neither affected by 
moderate heat nor by acids, and does not crack when the plate is beat 
in either direction to a very sharp curve. The more ready and very 
successful application made of it hitherto, however, is the production 
of enamelled iron ware for domestic use and for chemical laboratories. 
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The enamel is absolutely free from lead, which most frequently forms 
an element of similar enamels, and is of course injurious. The vessels 
covered with this material can bo exposed to all kinds of rouch treat- 
ment, and even scratched over with a knife, without destroying the 
glassy surface, nor does the latter sufi'er from exposure to heat. 

Agricultural Machines. — ^Messrs. Fowler have a magnificent display 
of steam-ploughing machinery, whilst Messrs. Howard, of Bedford 
have a model of their system in the Annexe, their full-sized tackle 
being at Billancourt. 

The general exhibition is very similar to the one in London in 1862, 
and the only now objects of importance which we have discovered 
there are exhibited by Messrs. Ransomes and Sims, of Ipswich, and 
Messrs. Howard and Co. The latter firm show a new self-acting 
shoaf-delivcp’^ reaper, in which the mechanical apparatUvS for working 
the rake which delivers the sheaves is constructed by means of two 
wheels and a crank, thus avoiding all the complicated gear which has 
hitherto been found necessary in order to obtain the combined lateral 
and rt>tary motion to the rake, llansomes and Sims also exhibit an 
improved steam threshing-machine, with apparatus for bruising and 
chopping the straw so as to fit it for use as fodder for animals. The 
grain is threshed in the same way as in llansomes and Sims* ordinary 
machines. After leaving the shakers, it is passed into a box containing 
two rollers fitted with knives and revolving at great speed ; one of 
these rollers cuts the straw into proper lengths, whilst the other 
bruises it, and, by the rapidity of its motion, and the peculiar shape of 
the cutters, it acts upon the stmw in such a way that it leaves the 
machine thoroughly softened and prepared for the food of cattle. Tho 
chopped straw is blown by a cleverly contrived elevator to any height 
required. 

Superiority in invention does not settle that of superiority in the 
means of pn-duction. It does not much matter where an invention 
comes from, for generally all the world may adopt and work it. The 
great test of superiority is cheapness and oxcellonce of production. 
The French, Belgians, and Germans can now spin cotton, make iron 
and macliincry, and build ships and bridges, as well, and nearly ^if not 
quite) as cheaply as we can. They can supply their own wants uetter 
than by buying from us, and they can compete with us in foreign 
markets, and even in some things now and then place their goods in 
our own markets. They have plenty of iron and plenty of coal for a 
very large production, and they can import raw materials from America, 
Russia, or the East, as cheaply, of course, as we can. They have 
learnt all our trades, and, although we for a long time refused to give 
them credit for it, they are really excellent workmen. It is useless to 
boast longer of our supremacy ; for this has now but a doubtful, if 
indeed it has any real, existence ; yet, at the same time, we are certain 
that our Continental rivals have not obtained what we understand as 
the supremacy, nor will they ever obtain it. They can never become 
such extensive producers as to supply' all the markets of the world, 
independent of ourselves. But that tho French especially have made 
wonderful progress is shown by official and even startling statistics. 

India in the Taris Exhibition, 1867.— Those who interested themselves 
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in the Exhibition of 1862 will certainly notice with regret the absence 
of any signs of engineering progress in India in the present one. On 
the former occasion were to be seen specimens of iron manufacture by 
the East India Iron Company, who are, however, now content to he 
represented merely by samples of the native iron ores. In raw mate- 
rials India is somewhat bettor represented, and there are several 
specimens of iron ore from different parts of the empire exhibited, and 
in one or two instances specimens of iron and steel prepared from them, 
and also specimens of charcoal from Indore, Burmah, and elsewhere. 
Wo failed to discover any petroleum, which however hais now been 
found in several parts of India. The products of the country have, 
perhaps, never been so extensively exhibited before, but the omission 
to include amongst the articles anything that would exhibit the engi- 
neering progress of the country has been to exclude those very 
branches of industry by which, in a greater degree than any other, 
India must look, if ever, to be raised from her present position to one 
of almost fabulous wealth and prosperity, to which her immense 
natural, but hitherto undevelop^, resources might yet one day 
raise her. 
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(Kxtracts from a Lecture delivered before the London Society of Arts. 
by Dr. Lyon Playfair, C.P., F.It.S.) 

It is well^ to inquire, in what we are so deficient, and wliat is the 
reason of this deficiency. Assuredly it does not consist in the absence 
of public philanthropy or want of private sseal for education, but 
chiefly rests in that education being utterly unsuitod to the wants of 
the age. Jn the thirteenth and fourteenth centuries classical learning 
was, after its revival, highly esteemed : and its language became the 
common medium for expression in all nations. A thorough acquaint- 
ance with it was an absolute necessity to any one with pretensions to 
learning. It had a glorious literature, one as fresh as when it grow on 
the rich soils of Pome and Greece. Its truths were eternal, and were 
received by us in their traditional mythology, as Bacon beautifully 
says, like “ the breath and purer spirit of the earliest knowledge floating 
to us in tones made musical by Grecian flutes.” And why was that 
bewitching literature made the groundwork of our educational systems P 
Does it not show that literature, like art, may have a standard c.xcel- 
Icnce ; and that we are content to imitate whoro we cannot surpass. 
If the main object of life were to fabricate literati, I would not dispute 
the wisdom of making classics the groundwork of our education. They 
are not utterly dead, but, like the dry bones of the valley, they may 
come together, and have breathed into them the breath of life. In the 
world thero is a constant system of regeneration. Theories exist for a 
time, but, like the phoenix, are destroyed, and rise yet more glorious 
from their ashes. Animals die, and by their decay pass into the 
atmosphere, whence vegetables derive their nutriment, and thus death 
becomes the source of life. But in all this there is no incongruity. 
A phoenix does not from its ashes produce an eagle, but a phennix as 
before. The dry bones of dead literature may vivify into new forms 
of literary life. Classical literature and exact science are, however, 
wholly antithetic. If classical literature be sufficient to construct 
your spinning-jennies and bleach your cottons, your system of instruc- 
tion is right ; but if you are to be braced and your sinews strengthened 
for a hard struggle of Industry, is it wise that you should devour 
poetry, while your competitors eat that which forms the muscles and 
gives vigour to the sinews ? With such different trainings, who in the 
end will win the race ? Science has not, like Literature and Art, a 
standard of excellence. It is as infinite as the wisdom of God, from 
whom it emanates. All ordinary powers decrease as you depart from 


* If such a lecture be necessary in a country like England, it is ten thousand tiines 
more so in India, where aU the arts and manufactures have been at a stand-stiU for 
hundreds of yean. 
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the centre ; but the power of knowledge augments the farther it is 
removed from the human source from which it was transmitted. God 
has given to man much mental gratification in trying to understand 
and apply to human uses His laws. How can we as a nation expect 
to carry on those manufactures by our sons of Industry, when we do 
not teach them the nature of the principles involved in their successful 
prosecution P 

All the aspirations of youth are towards Science, especially that 
depending on observation, but we quench the God-born llamo by 
“ freezing drenches of scholastic lore.’* You know of tho nations that 
have towered high in the world, and the lives of men who have saved 
whole empires frim oblivicn. What more will you ever learn P Yet 
the dismal change is ordained, and then, thin meagre Latin (the same 
for everybody), with small shreds and patches of Greek, is thrown, like 
a pauper’s pall, over all your early lore ; instead of sweet knowledge, 
vile, monkish, doggerel grammars and graduses, dictionaries and lexi- 
cons, and horrible odds and ends of dead languages, are given you for 
your portion, and down you fall from Roman story to a three-inch 
scrap of **Senptore8 RomanV * — from Greek poetry, down, down, to the 
cold rations of **Poet(B Orneci,"* cut up by commentators and served out 
by schoolmasters. Is this horrible quenching of all our youthful 
innate love of God’s truth the education for the youth of a nation 
depending for its country’s progress on their development P How is it 
possible that dead Literature can be the parent of living Scienco and 
of active Industry P 

It would ill become me, or any one, to speak disparagingly of the 
wisdom to bo derived from a study of ancient authors, or to deny the 
immense importance of a knowledge of classical literature to education 
generally; nor would I like to see that education confined to stern 
realities, divested of the graces and poetry of polite literature. But I 
do, at the same time, vehemently protest against the exhaustion of all 
our youthful years by a mere classical tuition, especially in the case of 
that large class of the community who, by their exertions in industry, 
have confided to them, in a great degree, the prosperity of their 
country. As 1 do not think the teaching of classical literature as 
practised in our schools to be worthy of the name of education, neither 
do I apply that titlo to the communication of scientific knowledge 
alone,-^and you will observe that I have always spoken of it by the 
term 'instruction.” I am propounding no scheme of education, but 
strongly insisting that instruction in Science should form an important 
part of the education of our youth. You may, and I hope will, soon 
raise an industrial university ; but this should have its pupils ready 
trained before it adopts them. Now, it must from itself act downwards, 
instead of working from the school upwards. Until our schools accept 
as a living faith that a study of God's works is more fitted to increase 
the resources of the nation than a study of the amours of Jupiter or of 
Venus, our industrial colleges will make no material headway against 
those of the Continent. In Paris, we find a Central College of Arts 
and Manufactures, into which the students enter at an average age of 
nineteen years, already well trained in the elements of Science, and 
going there to be taught how to use these elements for industrial 
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application. Three hundred of the best youth of France are annually 
receiving at this college the most elaborate education; and the best 
proof of its practical value is the great demand among manufacturers 
for its pupils, a diploma from it being equivalent to assured success in 
life. Can you wonder at the progress making by France in industry, 
when she pours every year an hundred and fifty of these highly- 
educated manufacturers into her provinces ? A similar education to 
this is going on in almost all pai*ts of Europe ; but in England only ono 
such institution exists. We have our University and King’s College, 
it is true, and they are productive of much good ; and similar colleges 
exist in Scotland and Ireland ; but their instruction in Science termi- 
nates just where the industrial colleges of the Continent begin^ In 
fact, the latter would be supplementary and a gjeat support to the 
former. Government, acting on its own perception of right, in its 
first national recognition of these truths, now happily dawning on 
England, has established a School of Mines ; and the experience of this 
has shown that it is much appreciated, although it labours under the 
disadvantage of the want of a preliminary education in its pupils, 
compelling its professors, in its commencement, to bo more elementary 
in their instruction than is well compatible with the proper objects of 
such a school. Now, while I urge the impolicy of a mere classical 
instruction to the youth of this country with all the expression which 
I can give to a matured conviction, do not suppose that I would wish 
to put all our youth in ono Procrustean bed. I again allege, that it is 
the present system which follows this singular love of unifbnnity, and 
clips or extends the dimension of each youth to one common standard. 
It is against this very confined system that I protest. It is truly 
lamentable that Oxford and Cambridge so little encourage the Sciences ; 
for, until the colleges throw open their widest portals to these, the 
schools in the country, deriving their life from them, will do little to 
reform the present vices of a limited and exclusive education. 

In this country we are, in many respects, remarkably unchangeable. 
Three professions, the Church, the Law, and Medicine, were supposed, 
some centuries since, to represent learning, and, with a wonderful 
blindness, they are still accepted as all-sufficient. Industry, to which 
this country owes her success among nations, has never been raised to 
the rank of a profession. For her sons there are no honours, no 
recognised or social position. Her native dignity, if tacitly under- 
stood, has never formally been acknowledged. Science, which has 
raised her to this eminence, is equally unrecognised in position or 
honours, and, from her very nature, cannot attain the wealth which in 
Industry solaces the absence of social position. This restriction of 
learned honours to three recognised professions has a lamentable effect 
both on the progress of Science and of Industry. Its consequence is, 
that each profession becomes glutted with ambitious aspirants, who, 
finding a greater supply than demand, sink into subordinate positions, 
becoming soured and disappointed, and therefore dangerous to the 
community. liaise Industry to the rank of a profession,-^8 it is m 
other countries,— give to your industrial uniyersities the power of 
granting degrees involving high social recognition to those who attem 
them, and you will draw off the excess of those talented men, to whom 
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the Church, Ihe Bar, and Medicine ofifer only a slender chance of 
attaining eminence ; and by infusing such talent into Industry, depend 
upon it the effects will soon become apparent. In foreign countries, 
professions involving social rank and position arise with their require* 
ments ; in our nation, we are content with a meagre classification, 
scarcely sufficient for the middle ages, and not even a reflection of our 
present wants. These considerations are not mean ones, for, as long 
as ambition exists in the human mind, their good or bad adjustment 

will exercise a beneficial or pernicious influence on society 

Science has been a prime cause of creating for us the inexhaustible 
wealth of manufactures ; and it is by Science that it must be preserved 
and^extended. We are interested as a commercial people — we are 
interested as a free people. The age of glory of a nation is likewise 
the age of its security. The same dignified feeling which urges men 
to gain a dominion over nature will preserve them from the dominion 
of slavery. 

Rapid transition is taking place in Industry; that the raw material, 
formerly our capital advantage over other nations, is gradually being 
equalised in price, and made available to all by the improvements in 
locomotion ; and that Industry must in future be supported, not by a 
competition of local advantages, but by a competition of intellect. All 
European nations, except England, have recognised this fact ; their 
thinking men have proclaimed it ; their governments have adopted it 
as a principle of state ; and every town has now its schools, in which 
are taught the scientific principles involved in manufactures, while 
each metropolis rejoices in an industrial university, teaching how to 

use the alphabet of Science in reading manufactures aright 

Our manutacturers were justly astonished at seeing most of the foreign 
countries rapidly approaching and sometimes excelling us in manufac- 
tures, our own by hereditary and traditional right. Though certainly 
very superior in our common cutlery, we could not claim decided supe- 
riority in that applied to surgical instruments, and were beaten in some 
kind of edge-tools. Neither our swords nor our guns were left with an 
unquestioned victory. In our plate-glass, my own opinion — and I am 
sure that of many others — is, that if we were not beaten by Belgium, 
we certainly were by France. In flint-glass, our ancient prestige was 
left very doubtful, and the only important discoveries in this manufac- 
ture were not those shown on the English side. Belgium, which has 
deprived us of so much of our Americau trade in woollen manufactures, 
found herself approached by competitors hitherto almost unknown ; for 
Russia had risen to eminence in this branch, and the German woollens 
did not shame their birthplace. In silversmith work wo had intro- 
duced a large number of foreign workmen as modellers and desi^ers ; 
but, nevertheless, wo met with worthy competitors. In calico-printing 
and paper-staining our designs looked wonderfully French ; whilst our 
colours, though generally as brilliant in themselves, did not appear to 
nearly so much advantage, from a want of harmony in their arrange- 
ment. In earthenware we were masters, as of old ; but in china and 
in porcelain our general excellence was stoutly denied ; although indi- 
vidual excellencies were very apparent. In hardware we maintained 
our superiority, but were manifestly surprised at the rapid advances 
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making by many other nations It is u grave matter for 

reflection, whether the Exhibition did not show very clearly and dis- 
tinctly that the rate of industrial advance of many European nations, 
even of those who were obviously in our rear, was at u greater rate 
than our own ; and if it were so, as 1 believe it to have been, it does 
not require much acumen to perceive that in a long race the fastest 
sailing ships will win, even though they are for a time behind. 

A competition in Industry must, in an advanced stage of civilisation, 
bo a competition of intellect. The influence of capital may purchase 
you for a time foreign talent. Our Manchester calico-printers may, 
and do, keep foreign designers in France at liberal salaries. Our glass- 
works may, and do, buy foreign science to aid them in their manage- 
ment. Our potteries may, and do, use foreign talent botli in manage- 
ment and design. Our silversmiths and diamond-settens may, and do, 
depend much upon foreign talent in art and foreign skill in_ execution. 
But is all this not a suicidal policy, which must have a termination, not 
for the individual manufacturer, who wisely buys the talent wherever 
he can get it, but for the nation, which, careless of the education of her 
sons, sends our capital abroad as a premium to that intellectual progress 
which, in our present apathy, is our greatest danger ? This points to 
the necessity of the establishment of industrial colleges ; but it implies, 
at the same time, an adaptation of juvenile education to the wants ol 
the age. All this impresses itself upon my mind with a conviction as 
strong as that the glorious sun sheds its light-giving rays to this natu- 
rally daik world of ours Do not let us, by severing Industry 

from Science, like a tree from its roots, have the unhappiness ot seeing 
our goodly stem wither and perish by a premature decay ; but as the 
tree itself stretches out its arms to heaven to pray for fowl, let us, m 
all humility, ask God also to give us that knowledge of Ills works 
which will enable u.s to use them in promoting the comfort and happi- 
ness of His creatures. * 
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